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fJjosp&ati® fixation fey ti»@©ipitatloii 
Has ©lay fra#t3.0« ©f soila l^ma l®i^. Men teowa to 
mmt pQTtl&n so far m '^espltat® fixitMoa is eoii«» 
1&@ fixia  ^ pmmr of tfa# elay hm& timm gm-» 
©rallf at^ fltoafesfd to %lir## ©f stttostenees, saaely, fefdrows 
oxl4#«# &x«hai^ @#fel® l»,®eS|, aad ®arli^ 3'aal»ss* 
Of/th® Ijfdrotts oxia#®, 0f iron and slwaipiw ar@ 
b®li®vM to to# aost fe®:Jyp powsri ©f pbospbat#  ^
retsatida ar« @f3f©etl"r© a rmmtlom rai3@# wi€®r tMii 
is sail# -CSO, 43, iSS>* Itws «^orM»r» •(Sf#, &2) 
eGasS<t®r#i tbat aost ©f tli# ptoaplio'ims ia a§l4 8#ii# 
m a IsifcSie SSSP ptos-phat#, of t.lffca.Bi» • &md m&agSkMs&m,. 
Qr€imrily p*#s#at ia r@latiir#ly m^l mmmiiB, a.m gemmllj 
t® play &mlj a. slaor r©l#.» 
Tk0 mxaha,ng@:&bM imams ii» preglpitetioa pesatioas 
wltli pifeosphsfei ar® sad ali^ aaai;, 
Irisa aM aliimiiiM ©xlit la tli® #»^ang#ibfel# font In acit aoil® 
hut hy-<ajti$lym off t© f©ra lifdr^Ms oxi4»s &s the mmtlQu Is 
to a#?at3pslltj.,. A« e^iiai^eateie- imtioas, ttae fei^ a©tiiriijr 
of aolwble iroaa $tM& al^ttalnaa l^.s pi*ofc»t»ly ®xt.©ad©d Snto a r«s# 
Qf iQwer a#ldi% timii w^uM te® passlMe if tfetits# loas w©» m% 
ass&olat#d wlt& the slli©at© ataeaPals in, tit# ©laj ftfaetios* 
1^# of @mi«l«»- ia- f^#e|lpt'%a%i^ -p3bMiapliate»--^s te®sa stttdl.©4 
fey ¥'ari0ms lafsstigst^i (6, .5S-I uto fo«M timt ealelm 
pii©sptot.#8 ©f l©w &rm t&rm&A at resetl-oas of pS 6 •^' 
or sbov© -whrnm pbospkat® aM #sl#iwa i@ii« ia ^soliatlsa ar® 
alla«6d to reaot^  ft« oalolum phosphate ayat«m la b«Uer«l 
/t0 b# tk# i»p©rt»&nti ia nt^attra.! sM allaliae a@ila 
i33i, 3^# fiS)* lagii@sli« is &t l©ss laportan©® thtaa @al«laa 
in pr#«ipltatl.Bg pliot-pbatss tseeaiis©' tii# tmntity of #x©i3is;^©at>l# 
a&gnesluti la toils is lees tlisji 1^% of 
'tke rmmetlmm at mhl^h m# aa^#tiw.. mmmr%» its m,3slmm pr#-
#lpitati^ ia sb®ttt pM 9*10 CtO}, 
te® $apfeoi»t©s Qi ani. aagResiia »« of i3ap<>rtaa<&®. 
in the slkalinii aoilo eofitalaiag tfeea. f&e mwimn&tm 
@®lws ar# prob&l3l|- ii»rt »o fsr*^ as pbosptot® 
fimtloa is eoa,<iara@a, i>«t thejr s@rr# m a soar©® of &oluhl& 
ealeitffl mnd sagneslaa fsr pi»«#lfitati0a of fcia© oliospJmt®. 
% T»|r,iJig ttoe ©oaftltioES ®f lite a gr@at 
©f fariatioa Is ototainei. in aaoimt of pho-sptoat® w&isfe. 
mtXl hi§' pr&jQtpl%&%&& 'bf a givea timatltj of el#meats 
iSseussM aboT#, Most ©f Hi® ^^jatltisions as te t&e seti^ltf 
of tii@ mriom-s •eometititiseiits at different values hair® fe«®a 
lsas®€ ttpas ai^eriia&ats la wbiett tli® phsspkate was sdd@4 to a 
solution of tto© pr®eipita,tiiss r#&s®iit togetlier wltii ©asugfct 
aeid or tea,®® to otJtaia t&e desire# re-aetioa., and tte@ SQlutiea 
was sjmlyasS for ptospimt® after ibaklag for a givm leiigtte @f 
tlffl©,, Mv^phf {%} shewed ttiat i&mm a s^lmbl# ptiospfeat©' aM 
f#rri$ elilori## ia a l^^ Man l^ efor# 
tfa# ffi vala#, results ver# not- %lm- ©am# as itesa a sol of tn# 
ireni liM prsjparM l3©foi*e t&® pbosphat# ms • added* Pra-* 
&lpitm%ion took pla©.® owr a is«efe widtr i^' raag® ia tlie foF»r 
e&i# tbaii ia thm latter, 
ffe# r©la%iv© #o»e#at»ti©iia &f pfaQSpMt® and the pfealpl-
tatlag r«as#itt naas® mriatl@-us ia tfa# tlmtlom* Am ®»@ss of 
preeipiiatiiig resgeat i®aases pr@#i|ji|.at40ii ofer a wid#r pH 
rs3%t» flii@ effeet was showE for #ais4«a. by f@^KL.e (§8), fer 
alumlsiKS by I3m»4#r C20},. sai for 4r#a Doiiglity C3.7) ant 
Mmphy 143) • 
Qowsluisioas drawn fe»©s prmi-pitmtlQm ©^sfiaeat# wit& 
lijdroQS oxldas la witl pli#spiiat@ BolutiOM 
for sli0.:rt periods of tia# aay b# appllaaM© t©. 
tli® soli si'fl-teia becmttse of 4iff#3?#»#s Mtw®©a th& syutMmtlM 
saterials tim ©xl#©# as tii®f mmm- ia soils * M«l a@r aM 
lilligs-a C65) fouM that ir©a s^ls |jr#par®€ at rmm 
aM age  ^ttM#r water showed no- JC-my t^iffra f^cios pattera imtll 
ft iF« acmttES after prepmration. A fsar was 'b«for©'a 
S0Q4 p&tteru was ©fe't&isei.* 0» tlie' 0^®r feai^ ,. tb,® pi»®seii0# 
#f erjatallin® goetMt# aM hmsmtl^ in soils lis® b©-sa estsbllsli®i. 
C3)« tfe® ealslm phoaplmtes whleli ar® prsoipitetM fron solutioa ly-' 
ar@ y»d©«&t.©aiy differsat from Us® final prodtist# ia tb© soil* 
0art>omt0 mpatit# {35) ani flwof spatlt# C3S), beliefefi ts hm 
%w0:Qf Wim staM® fo»s ©f jjtegpiiat#®• fO'Uaa,. ia soils, 
sf«' wmah Imam filnbl© t&aa •tri«ifcleiaa ^ospliat#* 
•5* 
If phoMph&tem ar® ftx®d la tii® sell hj aati^rialB 
tfom the aM it aeeas eertai» 
%Jxty mr®, flmtion In the g.oil muBt m% i># to 
trnMrn plm® in ©metiy tJi© saw way m it 4,mB wtth syathetiii 
s«bsta3ae«8 la tla© Isbamtof 
In spit® of iim4®£naJ3|' ®f laboratory aetfeMs %m 
til# ftxatl#a of pliospliat# la f^rms mosmila&l#-. to 
plants., it teas l»@» Bmply a@isoas%Fst#d. tlia% at all remtlQm 
fQiiui. im soils, 0heml©«l ^osbiamtloiis phosphate w%%h 'Otm or 
mo]^ of Um QQmmom Maes • If^n,. alwaiaym, caI&Iwb., and aasn^siaa 
aan .eaut# t&# praeipit&tMn of sM#4 plioeptot® aiid &ma mmrnit 
t&r its low 8Qlab.lllAy« mnsmMBUS ot oplBloa a«0i^ most 
la*r@st.l.sat0rs feas a,s stst®€ fef S©®i3«r Cl3l, '*Um% vimti mm 
aeid rMJ.#ftl is r^aofti, fre® solufetoii hy a soil, tlmt mmovml 1® 
prl*rllf du® tm a •0l1@iii1s.al prfNSipltetioii of an ia«oltil>le salt*® 
Pliosp!mt» Pimtloa toy MserpMoa 
Vr^m tla# to tin# @©rtaia iii-r^stlgatoM C5» 21# 22* 23, 24, 
51, 37# 3S» ^7, 50, 54, 661 baf© Btwrns^  ^ tn® iaportam® 
of sAs^rptioa r^aotlome la aad@d pko-«plis,t@» 'ftm 
larg« sffiomt of littraiTtfr® to s#llolAal eti®aiatrf -dealing wittte 
a40®i*pt4ont by th© la,j<troua oxides aakes it @©#a certain tto&t 
adforptlou- reaatioas info If lag pliesfiiat© will ta&© plao® ia s.oils, 
the Ijfteous oxldss la sail©, bQw#T»^ -sr# audoubtddly less 
aetlT® asi8orb0-at» tlian ar# fr®slii,j pr@tipitat®€ hydroms oxides. 
Ordtaarilf aa- »©«« p-r«f#r %&• -explain bis 
rssnlts oa -ai© t>asis of mt adsoipptloa- fcyp© ©f, ia®i?iia2ita-a, 
• the presipitstion tjpe, or vl«© ireris., fkosm wkm 
prefer tii® aaso t^ioa mml8.m,%%0n lmT« in timXv favor tiie faet 
that tte itroaats of plio.«pMt« whtmh -&ma b# r^talriM hy soli.® 
sr© moil ^estr#r 'tfeaii esa ¥® &6e©mfc®d for bj Mi® s»oi»tts 
of solmfel© preeipltaats present otAier h&M* 
prlsailpal si*g«ii@iit a^iast %tm .atso.fptleB tifpotlieais is tli# 
alowi@ss wttSi whi@li ©qttllibrlwa t& attslaed sad. reir®i»se€" Cl-4). 
tla#r© a#©ias to to© m rm»Qm for dlserialimtlon agsiaat 
©Itlaer tjp-^ ©f fimtloA, Bofe ot reactions shouM gp -&& 
iotli. prseipitatioii m&mrptlQn slMJ-uld h® aetiT© 
a sliox't p©rio4 of t-ia#, Wm .gradual ebsag© of 
Atsofptioa #oiiplei:^ 8 l@ss golttHai# pr«:e.ipltatiQii @©apoaM» 
aeaottntiag- partly for %im -sIqw aftproa-oh to - m ©qnlllbri'nii 
e^oaitioa and th® .sldwa##® wit& wfeleli tlie raaetloa .is rsir®rs©4. 
lost Qf tjfe# iiwestlgatori *110 tmw phospimtm 
flaatiQa to adsorpt.i©ii fsae^lois.s aoatid^rM tli® soil ©ollolds 
to be sixtuires of t&© hjdroms qxMss ©f slH«oa, li*aii, and 
aluainsi®. Bine® a larg© fart ot fcii® wort wm doa# it ms 
shown tlmt erjstmlliit# alw.lijo-ftllieat«s and arfstallin# 
hfdrous 0xM©« sal®- ap & lar^« |5at»t. #f ©laj .frmafelon sf 
.soils. 
-fhosphat#- Fim%i©a hy mi& Soil Clays 
la 1931# (T) s«g.s®st©t tlie pessibtlity tiiat 
plio-sphaie® oouM ©a. 'ttis Buwt&mM of the silioai© 
siReralg in soil ©l&fs aM that pliosphat© ioas held in tliis 
wajr eo-uld h® replaced by otiiar aatoas. la 19,>% and 1935# 
s@f®ral papers p«Mislied frcjui Bratfleia.*® laboratory (8, 51, 55) 
i?©p©rt©d experlaentg oa the fiiiatieB plaosplmte by l»stoaite 
and seveml soil elajs* All tli® el&ys siiowM a fflaxim«a phofpiiate 
cfh0 eo*aalusloa of tlies® worlc^rs v.m 
api>ar#nil|r giwa toy S©srs@tli C.Sl) w&ea he aaid tim.t phos-
plmt© refcalned a% th© pH vala®s of 5»5 to 6.1 waa l5sll@ir@d to 
ti# "sortoea'* oa tlhie colloidal swttmms of the alualao-allleat® 
toy •ya© alwialiiua Tal#Be#j, sad r«pls©@able by OH ant Si04 aaloaa. 
flie fixation at lower pU mlu@s wlsere fimtlon slowly luereasM 
with tl»# of ©oatset was-b©ll©T9€ t© l»e #aus®d- by tht« gr-adual 
solutioa of Iron aM its repreeipltatloa as iroa phoaplmt©* 
Tim latter assmptioa seems logisal., but tlie former tmj b& 
dottbt.:^!, as will l5@ broaglit ottt l@.t@r# 
Piiospliate Fi3Eatio-B 1^y Soil Clays as Affected 
fey R&MQWSkl ©f Fr## lm& Oxides 
• ftm #arli®r experiment® C8, 55, 51» 3?, did aot fwrnisfa 
-mmelmlT® eitMmme Umt the fiatioa obaer^at wma -dm to tli® 
silieate portion of tli@ ©lay benaus# »at@rials ®apsbl« of 
preeipiiating or adsorbing 1^# plioepliat# w@r© aot all rrnmov&dm 
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as mmh ptesptiorM® at tli@ Im ,pl as did tii© uatreatei, 
©lafs,. 
S#a#iatly, Allison bM. Sears©t&^ (%) .t©"r©lop#d a blologiisal 
method for remo-riag fir## iroa dxi^es* 4® q»« means of easpariiis 
tli6 «ff@0fcl¥eiiess of m© Mcjlogiesl a^tiiofi wltta liiiat of tk#-
oh®ai©®.3. a«thiod 164) tlie pfeo#pimte fixation by tJi© eolloidal 
clay fpos thm llaml soil was d®t#j'aiiie4« tim flmtioa etirves 
showed two amx;iiia., ©lie at pi 3-# and tt.» ©t&tr at pH 6-»6.5,. 
Wli^a the orlgiml solsitioa somiciitratlsa waa fJOO p.*p. a* 
phosphorus tMer« was littl® &@tw©®a tti® pli^sptiate 
fla-tl©a at t&e lm®r m&xXmmi by imtr»at@<l elay, tli@ <slaf 
wl^ til# iTOJft r@mov#d bleloglgallf ,. or tM.® oiay witli tii®"" tr©a 
r#aov@«l e&eaiealljr* fb.©' im fixatloa oea«*rins at pi $ 
wss a'TOiat oae^sixfeb lower In tfe® alaf tr«st@a bj tli© eit©ai@al 
method isfeaa 1» tii© \m%rm%m<S, aii4 feiol©si©all|' sltys, 
tte fixation by tli® latter t¥0 &#i»^ afeeiat th© saat. Mittt tli# 
lower TOlutioa 00B#@ntmtios (1550 |>,p»a« piiospliorti®} neitla#r 
of th@ treatraeatg for the fr#« oxMm musmd any 
appr©«labl© drop la phospJmte fixation at pH 6* At pH 3*5 
both, til© aetbods for reaovl-ng i.ron d®0f©4s©d pfaospiiate fixation 
to mbout three-fourtlis of timt la tl3.@ i»iit«-at®ci olay, 
Metsgar (41^. 43) also stu<li©a tb® fimtioa ©f piiafiphat# 
as aff©«te4 by fr©© iroa oa:i4@@, Sf aeasiui'liig flxatioa at 
pa daer#as#e la flmtion wMryimg from SO t© p«©#iat m 
a result of rumoring tb.® f^e© Iron. ©ild®s led t© tb# <ioa«lttsioa 
or pr#«lpitst4on, m&f sec-ami 
vmwy l%T0lf ff©r ph.m^&mk» flmtlkm aad tlat adsorptloa, & 
gmfmm pk®!i@ffl©iioa, is prol»afelf of saall yrattiiial slgnifi^ aiie®.*' 
appapmtlj 4ojasid#f#d tb0 mmMm&iim of 
Willi li^ iipoms Ifea ©zi4#e as pfeeipitstioa* and tiM eoalJimtlea 
0f pto':«ptet@ witii t&e m 
ISa# mMpmrlmntAl sit#4 sl^ ws l^ at s©ils md elay.® 
mm mpBhl^  0i mmm. mttev i© 
re»0W fir®# ir©ft ana .sloalaiiM ®^4#s ami ©xsliaagemfel® bs»#g.. 
1% if t«p©ssiM@ %Q TOn#la4# fr©a' tti® €sta beeaai#' 
tolls hmm hmn treated to rBmvm »t.#rlal8 e&p&fel© @f 
pr«#ipt%atliis piiaspfes1fc@, the prmip%%mu%s m loi^r mm&S. "m 
.s©iisia®r#€ m of saa tfeat tim ©Mf aiB«rai« 
mt9 re®i»o»sifel,« for tiae r«fflml»liis fixatloia* tr#ats@»%» saeli 
as ®l«e'^ odlslfsis aM seid wsaitiae e-aji -r#a0're ©x^biyo^ea&l# 
easLeiim, sM p©list -uimm th&f w#al<i hsms.® »©• 
iaterfej?»aa«, l»it t4i@ mefehsds for F#so"ri^  .fr©© iro.it. aM. aliiniaw 
QxMm mm m% m tmlprmt* Th®- tmmt Qiat tMe trms aetlic^t 
•(64),. rigoF©ms it my !?#;» will m% ©oapl®lt©iy mmo-m 
ii*oa from taoiinltla slay.® steaM mt ©oataia &i^  ijp^a 
in to© silismt# foi«) lesT«» i>i»a the posiitolliti' of thm mtXQn 
@f a BB&IX aaomt ©f ires*, it wsa f0imd (2) 
tbat gibfesite, AllODj, i® a©t rmow®^ teom mlX.B 
by %hB traog les'risg a stroag possibility ttot 
if th® soil or Qslaf s©a,taias sMy gi'&bgit# '©©for® ^«ats@iit.^ 
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©rigiisal ©f •&e qIaj .* It was foaad fia® ^ijidiiag' 
lKer®a@®d aaowat ©f plidspbat© r#ta,la@d by tli® elsj.#. 
lfe@r®as tlie orlgtmal aaterlml fl:x#4 t#0O p:»p»a# ptiesphorusi, 
til.# kaellnlte gro-aiid 15 4a,fs la. a lml.l mill fixed 536tO p.»p..»# 
fjl»spfe0r«,s. Phospiist® fimtloa was greater in a©ld solutioas 
thaa ia mutral or alkalia© soltttiemg.. Fixation qquI^ hm 
i i i a .reas@d 'Uj iacreatiiis t i i@ of phospbat© %n 
aslutloa aM lij tM® tin# ©f eoiita4.t* ®i© mmwitB 
of pfeospliat® fixed w#?# so l.ars© ttet l>«li©T0d it wfi 
mnlil:©l|- that.' fr®# iroa i.a€ alwiaia oxi4ss plajed ss^ bmt a 
aiaor fol©* Ctfi.) fe©%w©r, timt laolinit# 
gro'md for a long %%m la a 6sll aill aM ^ea pla^e^d is .eoataet 
witli wat#r partially tsrealjs ftown iat© sispler ©oafounas,. ptrltaps 
sppraasMs  ^IKOH) .^ 
Mtirplif's t®sts (43# showed tli® pliospiiat# 
fi»d bf feaoliiiit.# to to© of rattier law airailaliilitf# ffer 
®aip,l®, wMii fesoliait© ©oataini»g 21000 p.p,-»* pliosplioru® was 
aM#d pots ©'f saM i» sii amomt »affi©i-#nt ftaraisto tb# 
ssa^ akotmt of phoBphorum as was .©onteiaM in 1 graa of super*" 
pliosplmt©., 1^© ippow^ of to.ast<3i plants was 50 % mm ge^od as tiiat 
mad® wi^ .#uj>©rplisspliat©« Wtmn tfe© teoliiiite contained 
4800 phosphorm grwtto wmm omly € % of •yiat laad® wittt 
mpmrptmspimt^-t 
ft.® Aikea -©laf lo&»., a M»oi.lBlti« soil, beliaTed mmeii tli# 
sa®« as did id*® feaoliait®* tt© .AlksB &oll c0iitalB#d 
12*4 ^ m% mtkBMm tlmt tii® aaoimt of 
ftmtioa ©beeirfed eoald 'b# ©fitlr®l|' on tti® Ijasis 
of Iron, for th© pfeespliat® fi»t was mom tlian fowt tlaea as 
mmh m vouM &# to tfe# iraa di,®Boi'r@A la Ror»al 
aeld CpH 1#8)< 
Beutdalte sSiowet a tlff^ rea-t befeavior ttiaa did ka l^init## 
fliosplmte flxatioa bf mm mmU low^r as seasared 
'Qf plant gpowtli as w®ll ms hf ehemisai methods* 
iMrphi' prop©s«ii ao th^ary to aeeomt for the souree of 
til© pMsplmt»# flxiss pfoww Qf iMliBit#* Mm mml4.mm4., 
hMv-mBTg. tb0 mmmmws' fsr l^ e fimtioa 
.almlnua C45)#_ 
Sto«t iSf) repeated th® ©:^ .er,l»e.ats of lurphy 
fottsd a as:^lawa plio@piia.t# flmtism by teollnit© at pB >-4, 
a rapid as 1d^@ aeiditi- was A«@r#a!S#4, sai relstivdlf 
litfcl® phasphat©- fixed from mm. aitolia© solutioa*, Hallojalt# 
mhms^. the »aa@ %jp@ ©f belmvior -m did tli# fcmollait®, bttt 
n»ato t^e ahowea 11«1. fixation at ax  ^ pB value. «» fixation 
t»f b^ntoBlt®. TemhB  ^ a. maxiawa at pi 6 I-n ae^ord ¥l%li prwloti® 
iiw#sMg®-fclaas toy o^@r workers (S,^ 51# S5I 
Stottt (57) aotM tlmt Mgh fiaatlott in th® «laf alaerslt 
was a#soelat®d with %li# pr#s#iie® of io»s at. th@ 
el®a,¥&ge planes* laellait® arid Iiall0y0it#,. tootli .hsTiag 
ion# aloag the #l©aTOg@ plaa®s, fixed large ®»mts 
&f p&ospliatei, while bentoait®, willed slio«ia. tli«»r©tls&lly Ibat# no 
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aawi Msar^  ^ (ill 't® 
®i£|»lsiji the ©f preisat ii«tAL#ds for extraefeisg 
til# sotl. plioapii0.r»s tm plants#, asi. proposM a new 
se&®m# t© m&M &m& #f €lfflenities,* It wa# poliit«€ out 
•^at mm of ptot0®phat©^_€lisolv®d toy- oMiaari- etald @xt»cM0a 
WOT3.M fe# r0pr#©ipil«te€ mmi 0&m hm "Msorb®#'** t»f tii© 
soil* &B ws®€ toy aa^ mf&rB to 
fimtloa lay tli© sllioats ©Imy ai»rais.| flas use of oitrio 
sol<J m a &olw0mt for d#t®'raSaii^ amilaM.^ «%» 
"•••|3«'liiv«4 'to Im **poi^ps fee aost «iiforfti«ts^t# in t&m 
history of soil-pltos|>feortts siao® t&.e o4t3?at« 
amioB <aisplao©€ phG&^m%& fros ttoi® •«€»0i^tioii mmpl®x"» fit# 
mt>oT@ ®ta.t©»«t was «aa« on thm '^si® of ©^porimeat,* 
whl^h sbowoa iUbiii low svailaMlity to plants of phosplmte ia 
oofflbljaatioa kaolialt®#. mai. m. ia wMoti oltrlo 
a#i4 rownroa »iaefa aioro piiosp^ate fro» kaollait© ten 4i€ 
hydrooiilorlo moid at Bmm or &t a lower pi*. 
In ^o soli analyais sola#a# for smilabl© phoaplmto, 
Bijrd and lurpity (11) outlinM pro®@.Aar#g infceuded to {i®t#rata®-
d#©po« of satifflratloa of th® *'a4#orlsing mmpl@x&M^, tb.® 
oapsoitf of potsatially soluble phtosphato partioloi to dissolw 
la asld* tbo 'bufferletg offoot of tfe® soil la lowering tli®' 
sppai^iat soltttoilltf of 'lliose partlole#, and llio total p&ospimt# 
ooatoat of the soil. Soils with Mgti total ^4 sold-'aol«01# 
pfaosphste, lil#i dogroe of sat«ratloii of th® "adsorption oospl@»s*,,. 
-16-
and a low teuffsrimg power towardi a@id w®ns eoasiderad to kaT® 
tli© lii^«8t phoeplmt® svailsotlity# 
J#aay (29) ted obsQFved la 1937- that tr#atii#at of soil 
aollo4ds wltb neutral X? gaw a ftrongly alialla® reaetlon^, 
This ph@mm®mn was -eoasMeret t© fe® am aEiom ex:etia»s<& ta wMieh 
tfe® fefdroxyl loas &f -tlie crystal tettlu# were replaced fef 
fluorid© ions. In 1941, O-iekaan and Sraf {16} r@p®at#d Jsna^-'s 
©^®rlK®at ttslng Icaolittlte as tte &l&f, mad foajid that tJa© 
nmaber -ot hjdroxyl ioas released fey tiie flaorid® was equivalent 
to th.® imiaber of flworld® ioas from tiie solutioa, tiius 
^©iaoastratiiiK an eowimleat aaio» t thm fomd further 
that aost of the pliosplaat© flx©d fejr kaolin!te eould toe replaeed 
by flttorid®. III a subs«tiieii.t paper (10), Brmy ajit Biekman cam© 
t© th® mmlu&iou that tii# "adaorijed" phospMt© (referriag to 
tb® pbosplmt® r©taia@d fey tli® clay sinerale) ''is ttoe moat 
@ffeeti¥© souro€f of soil pl3i0spb.oims . for erop growth aud its 
amoiiBt %s oorrelatsd with the aaed f&r plmsphatea". ilo^jordlog 
to mapublislied ©xperlmentfl 'by other wortors at the illiaois 
Station, sore than 50 % of added superphosphate muM h@ 
r^ooTQred bylfl^T^MM extimetlon of soils whieh had bei@a iaouisated 
for a ye&r, aM Slekaan (10) considered that, sine® aost 
Illinois soils oontaiii a aixtttr® of th© beidellit® aad lllit® 
types of clay minerals^ th® soils have low "adso-rption." 
s«paclti«®, and a favora&l® type of phosph&t# "adsorption"., 
fh® faet that Bray and Diekaaa based their Ideas oa th« behavior 
of phosphate and fluoride with teolinite (16) and iBad« th®ir 
1?. 
spplloatleas t-o soils aontsiaiBs and lllite elaje 
wittoomi &M%mrminlns tli® belaavler of thee# ©lays aates tti# 
interpretation of ttoeir results Clffleult.. 
Altho«  ^i»r4 and litrpliy (11) b#lieT#<j that plaosplmt® 
fix«4 bjf olay alnerals was 9f low availaMlity ai^ Bray and 
Dlefeman CIO) fe#li@v®d Um opposlt®, t&® reswlts of tife# different 
iiiv©stigators May b© explalaed oa the &mmB basis. Surd aiad 
iMPplii' l>s8®<a most of tl3.«ir coaelttslons on ball^Bilied Cflnelj 
grouod) kaelifiite wlilQli iiad a tr©m#isi.0«s ptosplaat© fixing 
oapaeitf» timj atta«li@d ©©BBi€#rsM# lffij>©rtaii@® t© tli# 
of B&tumtlom. of the elaj with, plsoapiiat®. It wotild imturallj 
to© expected, as was shown by MmrpUf (45)» that tlj# low«r tti© 
d©gre.e of ssturstion, the lower wotiM m tJa© afailabllitj of 
tli® pii©spliat©» Mk%h th» .soils ©f low "Mtorptlon** 0apaeitf 
used hf Srsf sai 0iefe*a (10) aa «<iml aaiowat of adsorbed" 
pho*sph.at@ «liouM to© ameb a©r# aTslls&le* flius, wiiile Bray aad 
BielSiKi regard the **aisorb®4** pIiGspliftt® as the availsfel© for® 
and Bur& aad Warphy regard it as aaamllabl®^ botti woutM state 
that l0¥ aaomts ®f '*'Msorb®d'* pliospljat© ludiaat® a low amila-^i>^ 
feilitj to plaats aM tliat wkmu larger asoimts ar® preaeat tiie-
plant retpofifi© t© pbospliat® fertilimtioa Is 1qss» - ffe# - situation 
J«®t ^#s©rl'6>®d shiould hoia. *li©tto.#r th® "adsorbM** piios|4iate is 
ia a relatively nnavailabl® ©r -la a relatlwlj aTsila&l© fo.ra» 
.If it it regarded as b®iag tim-railabl#,. tb# uaisaturat^ft 
**adsori>tioii'* capacity would represent %h& power of tiie soil t0 
fix solmfel® pfeQspliati# la an uaavslla!?!© fora, a faetor whl&h 
would partly detenBiiie the plsat %& fertillzatloa* 
If til© "sds©rb'0d** pliospfitat© la considered to b« a-railabl®, tli#a 
til® amount pTBsmnt is^ a ®#asttr® of part of tli® pliosphat® 
s-railsble to plants, tli© larger tJi® saottiit prment^ %h9- s»ail®r 
would be the plant respons® t© f@rtillmtloii« 
to sumsarlz® %hm llt#ratiar® &n ptidsphat© flxatioa toj th© 
©lay ailnerals. It lia.s long h-emm l3«li#ir@d ttiat t!i« ®iii©ral® oan 
fix plaosphate, b«t concluslTe m-lSMum was mot pr©8eiit®dl« Si# 
vort of Mnrphy (43) and Sto«tt C5TI at th# Haivtrsity of 
Oallforaia showM that feaollalte aai halloyslte earn flai: large 
aaomts of phosphate sM tfest this fixatioa Is aa anion 
"*^'®xehaiise in. wliioli th© pbogptet# i*©plao«s tfe© tijdroxyl ©rowps 
exposed, along tla© cl®amg® glaa#8« lore proof of an ©quivalmt 
anion ©xehaage between fluoride aM th© liydroxfl ioas was 
pfesentad the Illinois TOrkers (16), 
"19* 
£xpmm&m.AL 
a© Frlmmy Sai^ l## 
of satrolee ana s#tli0dg ef gyemrafcloa 
The two ksoliiiite aamples ware obtsltied froa different 
murmB- so as to t>e more certaiB tb&t th# behavior of one was 
ttot th.© result Qf peaullaritles of tb© particiilar saapie,. 4 
eampl® of a soil was used to detepmin# tlie b#ha-rlor of 
kaollnitlc olay extracted fro® & @oll» fke G©eil clay was 
B@l®et©€ beoaus© it Is high %n cl&f eont^nt, aa4 &©<is«8e tfe# 
Ceell soil series is on© of tbe ao#t widely distributed 
kaoliaitlc soils ia the Qovmtry, ftltJiousii aoiapr@b©iisi"r© 
®^erlm@ttts w@r® »ot m.4M on hydrat@ti imlloj&it^, b^iitonit©, 
; 
and illite, ttieee clays were iaaludM to ototaio soa© Idea^ a® 
to "Uat® to#ba"rior of other types ef ©lafs mder treatments similar 
to those the kaoliniti© saffigles# 
1, laoliaita Io, 1 itrm ireu oxMrnn mt 
(lab.. Io. UTIl), fills saapie was pp#pa3p«i fro® ^mrlms io* 1 
aiay, th® trade nmm for a p0w4.@red kaoliiilte sold froai aiisee 
at Somtto Oarolina, operated, hy 'Uie E, f, fanderbilt Go.,, 
i 
Mm Xork Citj, thB aat®rlal finer tlian g/c effeotl¥© diameter 
wa© obtained by s@dia@»ta.tio-a» Ixakans©abl© bases wer® removed 
tel" el@0trodialjsl#. 
-ao-
2* Eaoliatte Mo, 1 (SagOOj-traated) (lab* lo,. mm)* 
A portlGH of Kaolialfc®-So» 1 (tmm Iron oxides not reaoved) 
was l3olXe4 *iik 2 ^ SagOO^ soliitioa for 30 alnuies, filtered,, 
wasli®^ with hQ% Z % lagG-©^ solution, aM tlita wasli@d with 
©•0d5 ^ H01 to reaow exfteageafele sodium, follswed 
witiL distilled water to r#a©T« tli$ 101* 
5* laolinit®- lo. 1 (lab* lo.. TKX|* A portion of tli© 
2^ material o&t&iit#d at d®s«rltoed for te.oliait# lo-^ 1 .Cfr@© 
iroa ©xides not raaewd) was: treated to remoT# fre® iroa oxides 
using th® proosdttr# of fruog^ ®t al, (64), witfa om mO'difieati<sa» 
After til® rsfduction of tli@ Iroa., tlie sai^les w©r@ waslsdd witli 
a saturated solution of laCl adju®t©d to pH 3 with HOI until 
tim sttpematant liquid gair® m teat for iron witti as,.tag8A.M. 
Thin pro«®-dwre was used oa all samples treated 
to reaov© ttit fr®« iron, oxidtt* Exshangeabl® Imses 
smbe©q«.®ntlj resowd fmm tAm teoliait© sample toj #l©etrodialjsis« 
4. Flmlf grouiad kaali-aite Clsb* So* BSlK ^ 100*graa 
saapl# ©f te.0 original kaoliait© froa til® B, f« Yai^erbilt Oo, 
was grotaad for 10 day® in a poroelaia ball aill witli quarts 
l>alls, l>«rii^ tl3L@ griMiag period tb© teolinit® ms eaa-
tasiaated witli ei&iislderabl# silioa frsss the quarts ball®« 
Asswaiag 'ymt the iron aont®ttt of tfee ftaeli" gromd toolinit® 
was til® sam® as that ©f toolin.it® 1©, 1 {fr#® iron oxides ao-t 
rsffiowd) Cs®© Tabl® 2) and tliat Um obs®rv«d Idweriag of 
th© iroR oofitsnt was du# to diltitioa of %tm k®.oliail» with 
qmrtz^,^ tfe# finely gro«5d kaeliait® saapl» oo»-tain#d 71 % 
-Si-
Imoiialfc© sni ^ % qmrtz* Sine® the object of the grindli^ 
was t0 study pliospliat® fimtioa 'by rmj finely fil'rifisd Maoliait®, 
the' silioa was not T^mo-wmd. m It would a<it only to dilute tfa® 
kaollaite, ffee eatlr© saapl© as it eame from the tell sill was 
®l@otro-dlaly2®<l wiitll ft*#® of exehaageabl# bas^s. 
% laollait# So»2 (mtreatM) Clab. Mq* 011), 4 
8p©«i®©ii of aaa.sl^© "kaolin* &•©» Sotttli ferollna, o'&tt,ln©d 
fro® WaFd'a latural ScleBe® Estto,, lac,, Rochester, Saw Xorl, 
was grownd to pass a 60-sesli sieve*, 
€, laolialte So., t CH-eatorated} Clab. Ho. UE2), A 
portion of kaolinlte I0., t, sroimdl to- pass ® 60»raesii siet®, ms 
washed with. O,»05 i HSl td reaoT# exslianseabl© Isases stad tli®a 
washed with (3,lstllled water to resove the acid, 
T» Hyclrateci hallojsite Ciab» So» OSl). fh© sa®pl@ 
%hM Bragon Oonsoli^ated Mine, Eureka, Utali) was furaishelL 
1>f Br. S, B. Heridrleks, MTision of Fertlllx^r Researoh, Bursam 
•of Flsnt Industry, Masliiagton,, B* Q* A portion of tiie material 
was grousd to pass a 60-wsh sie«, wa#feied with 0,05 1 MGl to 
resove ^xehaitgeabl© bases, and wasIieA with distilled water to 
reaoir® th® H01* 
Bm Iyd*ratM faalloysit© CSagOOj-treated) (lato, lo, ttiiS). 
The 6o-a«sli fflatsrial from tlie sample abow was boiled for 30 
mlmt%m with 2 % la2^CJj solution, fllt@r©d, washed with tiot 
2 % 1^2003 solatlon, and then wasb«d. with. 0*05 S 101 to rmmowB 
•exehaogeable baseg, followed 'by waBhlsag with dlstillod water 
•Sit.'* 
t© fcli# IGl* 
9» Beutcsisit# ititm iron oatides m% Clab,.Io* 
WfSl)« Materials' flii#p tlma 2/( ©ff©§tlT# aia»©t«r w®r« s®pKrat©<i 
by seaiaeatatioa Yolelay a Ijomia®, feeat-oai-t.® 
soM by tis® Ameriean S#ll©ld 6©.^ GM^agci^ 111* A^^eoi^iiis to 
stat©a«iit,s of tti® w&e ab©wt 90 $ 
moatii©rilloiiiit©*, fli© parity ©f %hm 2a pradaet was pMbably 
tliaa tliat ©f %hm sriglml of tia# relatiwly 
gftatar dispersion o.f montsdrilloait#* aonsld©ra&l® a#ajrs«, 
<lsrl£ e®l©fei, aatsrlitl w&m #ltalimt©t fey »©i.im«tati©E* flie 
2a mAtmrXsH was el#0tro€i&lya#€ mtll trm ©f ©xahaisgeabl® 
feas#.s.» fh# Iron Q^l&m wmm^ reiaoTsd fr©® tfais sa®|>l#f 
liowaf#r, twins tistfi' proisi^std -©ItatrodiAlysls tlie hl^ acidity 
{l0¥®lop®d ija tfefc® ©lay ©a»e4 neat of tto# free iroa ojcldes t@ 
10.. ®#iit0att@ (fip## Iron 0xi4®a re®0T#i) (lab* I©* fBl)» 
Wrm iron oadt## wep#- r«-®s^«Nt C3fl ft*©® a pertloia af 2/r 
material (ms©4 i» pref-wstiea ©f th® fe®atoalte Mltjfe fr&® iron 
©xl€#@ not r®iBow«€),* a»a «@liaijgeable buses wer® reitOTM by 
®ls©trodialysi«» 
11., mit®* fli« orlgii^jl aaapl®^ ftrom a. F©imayi¥iaataa 
um&mml&f in mortli#am Illiaols,, mm «@at -fey Or*- a. S. Srlm, 
Illiisois Stat© teologieal Survey, tirbaaa. 111* 'fkm H-»atwrat®4 
Ca©M-wasli®i.) 2/( Material tts«4 ia Wi9 pfeespfeatt afeMles wm 
prepared liy ¥• 1, All&way# Agrt©iilt«ral Statioa, ija#s. 
Iow», fke elsy ©ontalaed m eonslderaijle aaomt ot iron* a# 
©vid^aeitd bf Its origiiml tsrfc eoI©r «€ its r®!l«lisli eolor' 
upon igiiitioa,. 
It, Qmll ©Isj (€rm iron ojtides m% rtmo-red) (lab. Mo, 
fli© mtarials fla©f tMa 2/( eff®atlTe, 41sa@t@r wrm 
s«para.t®a hy sm^m®n%&%%OM fpmm & ampl^ &f 0e#il, elaf soli 
(fsToa Aalxirii, Alateaaa) fwraisli#i. by Br# J* W* fi&aore« Orgaale 
aatt#r was rarasTM bj froell's s©:«li«s feypotoroalt# a#tlio4 {61}» 
fim #x©kaKg©abl# 'bm&m wmr® h$ el-estrodlalifsis* 
15• S-©@il Ql&Lf itrm Iron &xl&m r&mw@4.) (lab* So, f01)» 
'frm ir©» oxides were C6#| jRp©® a, portion of tli® t^r 
material obtoiaM sbov© C after oxifiatlQa of tli© organi© m&ttdr), 
ant M.s©s wm wmmrm&. bf ©ieetrMlalysia, 
leetm-aie&l aimlyaia #f slafs 
fc|fdrogeii-satiirat@a, elajs wer# dlsp@r-s®<i witla so€i*m 
fejipoxid®*. 'fh© 2/f f^aeti^a was d#teraS.aM bj s©i.ia#iitetioa 
aiicl«r th® fore© of and Qm^A arterial was ^©terffliaed 
hj sedamentation in a®atrifttse» ¥&®r«- -th#- olaj» 'wer# 
f*»s^0tloiiat«d at 2/( fiwiaii preparation.,, no adtitioaal ajaalftis 
for 2/t: aat^rial wa# ®a<S#, ffe® <iste «yr# givea ia fabl# 
fata,! iron oxid# eontamt of 
fib© total irdu oxi-do a^nttnt of tfe© Ql&f& was d®t.©rfflia®4 
mlvmrntrXmll^ ihy »li04} twm- a fwsloa. All th® fr-m: . 
tro» •03£id#s wMqIi eould b# remo-r^a bad Mea extras t®4 ftQm 
soil® 0f tfe@ saiipl®@» la ttos# olaj®, the total iron 
ustioa Is a laemsitiF# of th# irsa @0ablii®a %n silis&t@s pl«s-
MhB.%®'wmw Iron- ©xid® <i©ttl.d aot be ®xtrai3t@4» Tim data ar@ 
S,lif#n to fsfel® 2m 
Blffe'-reatial tla»aal analysis Qf #lays 
flitrml BMwXjma of «iafs w#r@ maa.# by using 0»4-
gram ®a®pl@s of tb© l3.jiF0S0ii-»ai.tt»rate4 ©lajs after 
tfe®® lio #qt»llifei*ii» wltdfe an ataos|jliQr# of 37 ^ reiatlir®-
JHimltitf» fh# mt# af heatlJ^ was sboiilr 20® 0., p#r 
•fhm ewrr#s -sb-own la Fig* 1 iaSloat© that tfa# piare elay 
s«l>l-0s all 3»aa trm to 4 ttiernal .etiTTe far Isaolinit® 
l0. 1 itT-QB ir«ii ©3cides aot wm Mistical 
wife t&# ^unr# sfeom ia Fig* 1 im th© esm® clay aft» 
r@mow1kms tki# fir## iron .laollalt# So# 2 gm& a oMrr#-
Terj siallar to that of laollnit# »©• !• 
leaoml of trme ipoa 0,xi4#8 froa tfee Gteil clay aodifiod 
tais ewrw @om#irliat, Tim curre alay with Vm o.xldeg 
reaorei, waa siilft®€ dowawaM- by absmt h&lf & 
tegr®#» ®iis sliift m» »Qt signlfls-ant,, but was' appareatliy tfee. 
.result of one of tli# p©eialiajriti@s ©f tlie appamtu©* A eurr®' 
far tfef# saia® material Tm ®t dl,.ff#r«at tia@ wm not sMfteS 
dowmmpd* If tlie l@wer eiirv# Is mw0^ upward a'.bout half a degr#® 
@o ^s.t til® lio-rlsoittal portions it will b@ noted 
m* 
fiifel# !,• 'Si# l©@hiaai#sl §Qmpm%%%&n ifel» 0i^s 
0,j 
• •  
im 
i 
x§ 
im • •m-
¥im 1# 
2t 2 
W 7 
%m .#»• 
im 
lOQ. 
1<30 54 
IQO m-
So* % 
,SQ. 1 %r&& o:^i4@s 
Wlm^Xf geoviO, 
«y€rmt#t 'iialloysite 
ir©a oxM@s .r@s©'r®t) 
S®at©ai%# i&m- i.mu oxides 
tllim 
€I1RJ i3P©m ©xi4#® r«9T^®a.| 
0W4I.- -nlmj iroa oxid®# a©% 
r«3*®d| 
Tafel# 2* total Iron §om%mikt ©f Olajrs 
glsf fetal ir«>a as 
EaeliMto lo* i 
Saollnit® l0:» 1 ifl*©®- Iron oxim-B 
Fiii#lf pr'oijad teollalt® 
B#ateisl%® ifmm %rm exit©# 
i&m' imm dxid#e a®t r@«^®A| 
a«FSil ©laf iroo 0xl€#» r@m©W(i) Qmtl #laj iirm tmm. #xl«l©.s not -mmwrnO.} 
$ 
a* 02 
2^.45 
4,00 
AM 
3,4? 
14«93 
^ tMt Wm ©f -tfe# fr#e &a,g ®aMs#i,. p@ak s% 
.- S80®'S» &M. tiiif 0» fttertf 90# 0» fc© some-what 
Biese dttfmr&nmm w@r@ pr&ba&lf %im- of & dllntioia of' 
tii® teoliaitle «t©ri»l' bf ttm imn oxMm-^ 
f&# ®ridottiar®i^ at 310 wm pro^m,bly €(aias«4 by 
liaoi5it« ai^ gibbsit® in. tM# mtreated asmpl# and bf gibbsit® 
ia til# saspl# tr^atM to mmmm %1m trm Iroa Q.adia#s» fto# 
0@sil elatf -a,ppa»iitlf aoateioit4 ab^tit 1 % giljbsi-to, as was 
indicted by a ©oaparisoa of' the twve for the ssapl# 
%0 fr#» tro-n oxid#® v%M% for aixtwi*©® of 
aat kaoliiiit@» Al@»jwi«r, &xA fmst {2) fewni, titet I 
rwoiriug ^i® fr@© lr©a ^xiAds froa elajs jpe»ov#d ateowt SO ^ of i 
the gibijsit# m&pomu^rn ,. 
fli« faet tliat -ya-s 'TO&«tt0a-. alxjv# 900® Q» dM 
not ©oa# »t tb.# sdffl© :tw©'#@©11 samples 
a&f mf •b®'--^igaificaat» ' \'MhtM% tlif 92^' 6* t^a^s-eratw® 
wa® €«p3.i©&t#d* l^e 935®. % eaA#. at 9'§^ 6. ia &mtimr-
niit» Al»w rat® of Matins' not M 
ia^iiita.iii©d St 2Q airatts. At 3.000® Cl» tJie ..r&t@ was 
usually about IC# 8» « ©vsa less, farlatioas ia 
•Mia lla@ Toltag# f^a tla© pr'odumd €iff@r@tt©## la th» 
rat# of fef>atiiig at -Am l:il^er~"t®siera,%«res wMoto. fflay aeeoimt 
pm-tlf jfer s0»" 
\ fit®- for tim- wem qui^ stmilsr- to tft® 
u +1 
Cecil Clai-j-Free 
Iron Oxides not 
Removed 
Cec-'jl ClQLj-Free Iron Oxides Re­
moved 
Hi^drai-ed Ha I lousite 
Oo*i 
lOO 200 300 <4-00 500 <5>00 TOO SOO ^OO lOOO 
VCaolinite N0.1 
klaoUnvte M0.S 
Denton lie 
200 300 4-00 500 (i>00 700 dOO 
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Pig. 1. Differential Thermal Analysis of the Clays. 
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aurv© for hydrate^ Imllojsite. All th.© reactions present, la 
o» were present la the ote©r, altlio«g|i_-not to the aame 
reactioa at 14^ • was sot present in kaollaite, but ma 
fowad lis tiie Oeeil elsj and la hjdrated tialloyslt©, Aoeordliis 
to Al«aji'a®r il), this low t«ap#mtar® reaetioa is sliown by 
aaay ©oil elajs &wBm. tliengli tti# alays app©» to 'b® deflnlfesly 
kaolinitie. He eonsM'&rM it a psssiMlity tbat soa© of tto# 
kaollnlt©' la soils was derived tvom hydrated liallojsite aM 
retaliied a small amomt of thm *l<&w te»|jeratU2*« waiter** tbat 
It eontalmd wli©-n It was present as hydrated halloysit©, Tim 
reaction in hyarat^d halloyslte at 325° vaa caj^ 
toy tfee presence of glbbslte as an ClJ» Mo slgaifl©^©# 
was attached to ttie faet ttet ttm exotterralo taction ahowm 
900® 0,' ws attoh l#ss proim\mm4. is botM the Oa^sll clay aM 
iiyidratM halloyslte thtas it «# is -^e .kaollalt© saaplea, 
AlemM^r (1) found tlmt 1^© i»®iiltn4# of th© exotlienala. if^saeMoii 
T®ri®4 ¥itli <iiff#r0at ssaplea,. and eouM not b# used to e-'Stimt® 
til# aaownt of kaoHaitla clay present* tlie Seail slay s'aspl# 
waa therefore eoiisMer^d t© b# t- ot kaolinlte,. fr«« 
Iron ©xidea, arid glbtoalt©* 
Qimmlml Metfeo€s 
All pb0®p&®t© d@teraiBstl©a® mm *4© toy %im fruog mS. 
M®y#r C-^3} isodlfl''§atlQn. Qf Hi® eel©rl»trlf aetfeed propo®^^ 
'by S@alg©s C15), «®ins, a plioto^l#etrle o^loriaeter* Wi©r# 
m® 
1 
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p'lioiplmt© was deteraiaed on laOl ©xtraeti, the alMli w-a# 
a@«ti»alis©4 with before am&lQpmmnt- of tl» ®i«: 
later f@r©m® of (884)2%% reaoved froa oml^t© ©xtraet# 
bf emporation with MgClO^lg aM ignition to ^&mmp&m -yfe© 
omlat©, total pliosplmte aoateat of tiss slafs Wi® 
dt.t0j*ffii2i©d by fusiag 50 to ,500 2^* C€©p-#Qdiag oa t&e pfe.ospl»t»® 
eont#nfc) 41ssoXyii^ tlie-;fUsioii ta waterwtfclag 
up to wolammt filtering., miiS &mlyzim^ aa allta^t, a® 
of all phospliat#' extractions, total phcssplmte 4#ter®ias.tioiaSj| 
and pliosphat# fixation mxp&rlmentm mre expressed as p»ts 
phosphorus per a.illio,n of tt.® oir@n €rj alay* Beaausit ef tfa® 
lliBlted, .aoeuraey of tlae simlytieal mettiod, any values lars@3? 
,,.5K05S^='«*Sr 
tli» 1000 :p,p,a» P were rownsled t# th® ttee© 3flgiir#s* 
Eesmlt# 
g®m#:ti*ati#a ^ltQaBMt)& imto.-I^e fe&elinite eyyatal 
gg@liiiinary exoeriiiettta^ During pFelliEl»arf isrestlsstioss 
the iaaomt of - pbssplmta wMeli .0.O11M fee froa kiMJllait® 
lo». 3. (fpe® i^on oxX&m no% rmm^md} 'mfor® and. madlog 
at pS 3 and »t pH f was determliied# Both tim samples 
Isi^ allowed to fix ph.os^ate frua m mx'mX amaMws 
phQBpb&t& Bolutlon tor a pariod of 4S liQmrs„ aad imd iaeea matoeA 
distilled water to reiaoTe @x«.©,as piiospiiat©* Sxtrmti&a 
Mas ffisA# bj thakiiig lOO.-ag* saa^sles o-f tto® alay for $ howrs wltte 
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falil® 3* til® Extrsttion ©f Ftespbat© Ww&m. Ea.olii3ttt« io# 1 
iWm& Xmm Qxidm fet Bemow&A} Mttli fea-i^-Somal 
S'odlta lydr€>3ci,€« 
3^0 p»p.m, t originally im &lmy 
*#t p.p.*®!* t mxtrmtmd by M&3S 
4M ^ &xtm^Bt0A 
153Q- p#p»»# ? la olAf at pH 
*3.030 p-p»ii. P extmeted by »a01 
SOO P ,ftot sxtrnQtiMt 
43X m 0 p*p^m^ JP s4€®d k% pM 7 whi^ was mt ©xtraet^d 
10,^0 p#p»a, F in Ql&y phospti&t#4 at pi 5 
pttp»a* P % 1«.©1 
^5 p*|3,ia* P not extras-tefi 
^5 » s. p*.p.,ia* F ii44#4. at pK' 3 wlii^ was not «Etraist@4 
• fh# feeia *plio8pliat@€** la tts#4 to i.#a.igiiat# saia|jl#s wliiefaL 
have Ise^iJ aHow©€ to fix pliospi«t@« 
## fh® saapie phoapliat^d at p8 7 w&& not wmh'&d as tfeoroygliiy 
Mitb. distilled water as wm tlai® Mampl& phoBpb3.tei. at pH 3* 
• Shatiss 0»1 s» of tti© fo««r saapl© for 2 l-liomii' periods 
50 m* portion® of ai«tiUe4 wmt^r «iBoy#4 80i p*p.»ii* f» 
-3t-
eiayt mem for oud-bowr p#2»iots wllii 50-«^iS, 
portioss Qt aatttpatdd soltttion adjtis1i®d ifco T 
ana with SO'*'®©#. pof»tloas of 0*1 ^ laOl* ®i© results ap«t stiowii 
la fmM® 4, 4imlfsl# of t!ie fow laOl. aM tl» elgfcit {^84)2%% 
«xtme%B iali«at#i. ^te-t p»etie&llf all ^0 jAospiiat© in ti» 
©laf hM. beea -extract##,, wittiin limits of ©xperlisental error* 
4 total plios|Aali@ detemimtlon m®4® ©n ftisio»s of tfe© ext.ra#t@i, 
elaj -sJtowsd tteat tto piiosplmt# eoiiteiit iiat topped dowa to 
aBout I3i# aia3«nt prea^ent b©fO'r^ ai^ pfeospimte had, !»©« sd-a^A, 1 
the aaewnt left in th® slay wss es*wlist- greater after th@ 
fa:t)l« 4« f!i# Ixtraetlon ef Fhospliate fro» fia^li- Sroun^ 
Saollnit# Wltli .laaoaiiiB i^alat# Adjwstei, 
t#,|5i f aM teiitii-loraal. SaSlwa Hjdroxld® 
Sampl# Sajsple 
PUospliated Fiiospkia.t@Q[ 
at pa ? St pH 3 
p»p.ii. 
P pi»@s«at bafo» extraetioa^ 15200 5050£? ' •" 
f hf 4 laOl @xtra0tt®iis** 1^00 5<X)00 
f reaove^ bj 8 Cffii4lgCg04 ©xtraotloas'^* i4aoo -48500 
^ Hie phosphate eontent of tfat fiaelf gjpound kaollalte before 
adding, soluble piiosphat^ was- 3^ F.wi>»a* P. 
Betersined ^ analysis ©f fusion clay aftei* ©xtraetioa. 
{^4)2^2®^ ®*traetioa« thmi after ti» BaCM sxtraetiooe* Ha® 
I>l3.cisplmt@ fl3£©d bjr hy^arox;?! wm@ ia tkis aas® ^mh a 
larg® pereenteg© ©f tke total ttmt it safe "I0 eos@lwi# 
tiiat ej::ti*a€|'fcion with 0,1 S SsOH ©duld rmw# all '^e jiiioaplmt©-
fesia 1b this fora. f!i©r©f0p©, it was mm»%4.mt&<dL timt tli@ 
fshoaplmt® wMeli ©ould m% b© «traet«i. la fabl© 3 must imm 
bees fix©4 in HQS# form ©tli« th»a bftrGxyl r^plaoeaejat* _ 
lows-rer, tier© was still m @irM#ae« %q ^ow wimt tb-@ iowm 
alglit 'fe©* 
la fvctth^T «xp©rl»iits wMre- tla© flatly ^ouad Jmolialt#;,, 
phosph&ted at pH 3 as pr&wlQualy cl«asrlb#d, was fceiiog extrasted 
by leaslilng with water, tb© ssaplps, m#» allowed to stand g#v®rsl. 
iftafe after th,e first 1^0 'm^n l©a©3i#d ttoottgli* wJieii 
tJi® r©salts *ar© plotted oa & g»p&^ it was. .fowad l^t tli# 
tl0pe of the ©xtractlon ©w*# MM «liaag@i wltli tfc® mx% lQO-©'®.» ^ 
«3ctraetlon. aaouat &f reao^ed was msM %h&n it 
should lia^e b©#-iiL ao^ordtng to to© pMYloas slope of tiie Qurwm,,^ 
In a study of the <sx:tra#tloa of phosphate from the samples of 
fl'mlf ground kaollnite with NaOH, ih.m umm 
&or% of results vmrm- ••©totai-Bed# For ©^aple,- in the foiirtii 
SaOl ©xtraetion 25 p»p«iB* f w«r# remoTed*. After th& samples 
hsd stood in a roolst aoafiltioii f©r a f#w days,, Um flttii 
©.xtraetion peaoirea 56 F, ¥11^ Cffi^)202O^, fifth 
extraction re»ov@d 363 p#i>*a» F and th.® sixth. |safl.« fiS¥@ml 
days later) r&mowmd 418 F.. 
As  a ohee-k on so®© of tli© #j:p#r4a@at.s of Stowt (57) ,  
tedlinlt# 1 and finely ^oimd teollait® were efapo»t®d t© 
-&Vfms8 witli aM heated 14 days at 150® to dsteralai 
tl# mter less dw# t0 ttit# Bofe tlaja lost.-
mwMi§MTBMM mmmte &f w%er,. temt ksQliait® So» 1 lost sm^li 
msre tliim w«a ©JEp««te-i fr©a its irnhmwloit iBm faM® 5)-., 
fli# r@a«lts ar© given :t». fmhle §• 
• The 00 pr©-ll.aiaarf ®xp®rimm%m 1#4 to' the-
almsloii ^&% 8. larg© portion of diffleultf ©aeoisit^ret im 
til© #3ctFaeti0n ©f tii# phmph&ta t'imM. lay laollalte ml^% !»#. 
plajssieal ifstlagp tiiaa eli«ai»l.* ¥li@ii pstessiia ions 
Into iaterplamr mpmm& in aomt»i*llloiiit@ sad tl^ ©laf 
is pot&wiia l©»s mmm% all b# #xti»aet-@a tsf toas# 
X'fe .0e«»t poss-iMe timt soa® of 
p®'ii©tfa.t0s tli@ l»oliiilt# Imitie® lay@-rs, 
and tMt it Ms lat© srfstal it Ss «»» difflswlt 
to «trae-t* 
Tt@ lajei*-® In sr® li©M mm 
etroagly tkan tii0s# i» !a©-»t®©rill©i|it@». ana tli-© lattia® spaoliig 
•da©s »t r&rj witii. ws^te-r eojit#iit» f&©r® in-, • hx»m-v&r, a 
eleaTage plitii® b®t¥©®a tls® laf^r -of ions aat tax# 
adj-a««»t of ioas* lay ^aatratloa of phospbat© 
Into tlie nitfMt&l wottld r^qiaiim a mtber strowg tea^easy of 
Iil3,o-spliat0 to TOplaa# fe-yiroKfl groups* tim r®«i«irea<&»t sbsuld 1» 
B®t ta e©fie.®atrat®d pMospMt# selntloas liaTliig -aia aeld rea<3ti©ia 
and & high. t©«p®ratta:'®« It wouM appear, fts'thenaor©, timt 
tjesaais# a e^-rtaia ai®ia»t mt to-feri^tioa -of t&© ^vjs%§,l ¥©tild 
liaf« to tafe# pls-e© t# ^ait a phQm'^b&%& ioRj^ the fi»t4©a. 
mrfstAl 'b# grea^r iA %hm 
©ft»# of fiR®l,y groMt Mmllnltm ®«yaf •&$ th# 
shoiiM be mttier bTOtea ttp ai a F@sit3.t «f gristing in, tii# feall 
mill#, til# pht^spb®.!# .gk#ialt toe »ar# .®x^faat»ed 
ftam t&® fiaelf »tr»rlal b#@mase ©f ' 
ei^gtals wfcielt would &M0W Urn aor® mmmmm Qt 
^xtinMitlag ®a# -llto w©rlE 
of Stoat-CST) wlio fsiwd pattern #jf laolisai.t^: 
less -ymia l/( ,1a dlsyi@t#jf w&s testi»y#€ tef Itis pli©sj>imtias 
prooe&atr®,, whereas th® paitt@»: ot feaolinit# tlmm I/c 
la, a%mmt^T s*©tal3M^ aft®-F tti® phespfast® 
fafei# 5#. I*<a-ss '©f Mater Fr®a Ea^linit^ 10^, 2. se4 Jri,a«lf 
#i^iiijd feQltutt® fl»«a a#si®i. MitlJ at.l§0' 
tat#r L&ss ©«» t® P Sqiiiml©iit t& 
SHtm# pw Water Loss, 
01ay 100 s* glaf of Sls|f 
XaollMt# »o* 1 a,i5 25300 
Finely M0l.iai,t» 50000 
to ©btsia aore ®'ri4#iie# oa po&sitKl® pes0trt.tloa of 
pUosplmte ln,te tte erystal^- s®wral ©tii#r &xpmrlm&n%m wmm iifaif»ri®d 
©at» S«.s# are i*®poft®€ %m tM@ mx% tw« seetions* 
fi»ly flie fiatij grouai. 
ti^a%e4 witH a »ora«l pliospiiata soliitioii adjusted-1© pS J 
sad ®«feseq«eatlj wasli#d witti Ca« prwlou-sly 4@»®3PlftN®4) 
srs# «»@d» Samples #f the mm&h walking 50 iag».,» mm 
®.xtrasl«4 by slialtli^ f©r tiv% mm^»BXwm periei.® wltli, 
portiona of 0»1 £ la®* gJjiilEr samples yimm ©xtmetM 
for five- sueeesfiw ^^-riode wl%U sat«£F&t@€ (IHjilgSgO^ 
a4|ttsts€ pH %m Fiv# STi#e.ssiii"f9- 8-lioar ©xtraetioE# wltb tfa® 
tw0 i*@ag0iits w@i*© imi# on aso^er ®et ©f samples.* fh® r®s«lts 
0f th® e-xtraetioa of plio#plmt® trm tim finelj grottud. teoliait# 
mj*® given %n table 6 ant sfeowa grsph.l«allj ,to fig* S, 
fatolK Si# iKtMetloa ©f Ftospbat© Wmm Wltmlj €F©i»it I&@lliiit«-
lifefei S©4i«B a^ar©xli»- sM ,4woai«a Omlst® as Aff®e1#e4 
©f 1^© Ferieds 
Sxtim^tioa 
¥ R&mmmik 
Wrnimt® 
4» m.rnmmt'm 
1*.,-©-f ..Sisf 
F tm S»Q.©«s-sif® 
S-^w Sxtme-tloag, 
©f aias-. 
0*11 Sst 
M rnm. • 
• C«%)-aa#4,-
^©a f ,; ; . 
-oa 1 Sat» Cffi4)2Sg0A#. 
nmm ©a ? 
% #S1©0 •5140 4540© 42400 , 
a 149© ?3S® 753 2$m 
3 • 96tO is 
4 442 ?§f© 35 im 
5 6®. 5030 25 im 
It will l3@ ii0t®-d that practically all tfe# pliss^iate m« 
til© 1»0H ia tii© Jftrst 0.x%r&m%tQ&^ &wmn ^hmm ^®-
p&rlQ^ 0t wae ©aly IG mtmtm* fUmm m» pr&etlsslly 
> 
-3?* 
no l3©.tw#en th® aM S«bour ©xtraatlons, 
Tim mhm-qm^t mmowm oaly small aMitloaal aaomts 
•of pliospliat©* . 
Sst •|3i!l»Tl0r' of tJie ptiospfeat# towart lO-ainat© aad 8-feoa3p 
(«4W4 @xtra«tioiis, liowawr, was qiiite dlffei'eut* tim 
first B-'houf extraetioa remowB^ alagst as mmh j?lioa.phafc^ as 
was teroug^it out- toy laOI, smaller siso-uats being released dux'i^ 
ffiies«#i.in§ #x;t«©tic!as. Bat %h0. first lo-^iiiute extmefcioa 
r®a0T©d ©alf a ssiaH pertioa #f t&© piioaplmte.- Saali of 
til© mx% t0tnr 10*mismt& mxtrm%touB- brongtit o«t abomt tlie s®s# 
aaomit as did lis® first# 
Siese data w®t® S.iit»f»pF#t®4 t# ffl#aa tMt not all 
pMt@ ilm& bj th.© iXmlf gjp0iia4 wm a-raila'!^# 
to til# ttxtmetsats* tt mm of pkisphat# tons. &a€ peaetratud 
l3i#tw@®a tliS' lattlc# l&^-ersj|. liydroxyl .giroups skouM b® afele t® 
get la to replaa® teeaas© h^4jtox^X lorn a^# ssiall®r tima 
phosphate lone. By tti® sam# j?#aso.aiiig.,t tli# aetlyitj of 
larger oxslat® ioa -aiiould !»• a©r# or less aoafiaet t& outfttto 
of srfstsla. She similar M©wata Sff piiosf&at# rsaow#!-
laOS «:^t«etloiits &xi& thm *i-d®lf tlffewnt aaQ^watB exfecaetea. 
witfe diJipiag tliit lO-siaats aiM pe?|.o€s supported 
thl® The regalsrlty la ft® saomts of phosplsat© 
out in tte fiw lO-^-iiinut® omlat® extractions would nafe© it 
appastr tfeat as tim ph©splm.t® was ©xtmotetl tpom out-sit© 
p'ositiems, t!j«re was a .reM,|^st®©at wh®mhf b&M 
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Fig, 2, The Removal of Phosphate From Finely 
Q-round Eaolinit© During Five Suecessive Extractions 
With Saturated Ammonium Oxalate-Adjusted to pH 7 
ajid With Tenth-Hormal Sodi\jm Hydroxide. 
l&fmrs sowd out -fe© Mbmm- It soal4 b@ mm^Mm 
After tti© stt©ai©E»i^# ©x^rm^Mons laM b@®a 
e©apl®t#€, tlie saaples »#» allowed t© stand ia a aolst msMltloa, 
B&w&n days la%er.^ tli® amotwits sf phssptiorae i*©iiow<i hy aaotHsr 
lO'-ffliimt# ©Ktragtion w®r# €ifO sM 335 p*p«ra« with 
Ciail^Sg©^ laCffl.,, r#spe#tlf#X.|'» tfee sao-mt reaoYed bf tli# 
still did a©t brli]^ tli© phesptoat© matmut of IMm elajr 
down %o tliat of th© saapl® wfei.efe, im§. r©o#if#4 fi'Te 8-4iotar 
mxtrmtMmrn flias^ r@$iilts w©ro tsfcea m fwt^mr mxpr&BelQn. 
of tti©. ©qiiilibritiii InTolwd is sye-tsa.. 
In another e^srim^at saapl## w#r6 to 
stand Jiolst foi* tiirse days lj«t¥#ea ©a©& of tlj# XO*mlmxtM 
©atraetion periods witlt (Sa4)g0gO|^,# sa&ll Imcmm^nektB of 
» 
pli0gphat« were r@a©f#€ fey «&#& ©2strs@tl©m in laiKila. tJi© B&m 
maimer as la tli© sttess'ssive Id'-aiamt® ®«tra$tioas» 
laQliaite Mo« .1 iyon oxtdtoa r^aQved). 
OlsrrloQslj, if pboap^t# loaa penfttratt 'feet^iieii tk© lattis-# 
laj©r®, aaouBts fix@€ to "tliig laitiiiisi* mid til® aaotrnts fe@M. 
ag&iJiit m slrmm typ« of ©xtraetioa slioul.d i»i®r#ag© wit& Wm 
laiigtli of tiffl® Urn ml&f is te@pt i» eoataet a pliospiia^ 
SGl«tioii,» fhs mtfmt would a©t appear so strlkti:^l|' la tii# 
finely ground-ksoliiiit® l»eaiic« ©f %hm #xtr©»ly lar^ fi»tioii 
— f'\'' 
liiL,„a.-»fe0»!r%^-period of time, Kaolinite Sc. 1 had prenrlousl|' 
tomiA to fix oalf soall aaomt® of phosphate fro® a mrmsil 
p&ospJists solution, aad t^ "I® w®ll-siAit#d te th® pwpes#* 
i-eail Qlmf (free Iron oxides reaoTtdl was liislud.#!! to BtMy 
tfet© ph@tto»eBon Im a k&ollnltio elay ©strasted fro» soll» 
for pliospimte flxs.tio», t-g. sasiplts ©f tbe ©lays war® 
plae#a In flasks '4tti sliskea oa bm #ii<5"Oir®r*ei»d shaker for 
periods #f IG 48 liomrs.,. aad 2 sto-atbs Mi.%h 4€-'^6» 
portions of solutions of aamoniwo plaosplm-ie (pS 3) 0,1 ^  sad 
1 |[ rltti r©g|>0st to pbospliat#, the Z^monUi b&h^I&b wer© Bot 
iiiak#a QontlmioiASlj', but- at frBqmmt Int&rr&ls^ about S 'hours 
eaeh daf« After the sbaktng psriodjk ttoe suspensions v/er© poured 
OB Suchror funaels aad filtered, witli 0msti0ii* £a©li s&aplt um 
washed with fift®®ii 100'^@* portloas ef distilled water to 
reaoire ®xees8 phosplist©# Sin## wasiaiag usually. took aixjut iO 
howtBf tte elsjs w#re aetmlli- in eoataet wttii solubl# plios-
pjmte longer tlmn tli® tlm ©f sl»^ias,* 
Tht© phosphate oofiteat oi tfat saaples is stiowa in fabl® 7 
ari€ in Fig* % Wltb both olajs tto© swoimt of phoaslis'te flx#d 
lB$r©as«i. witk tlsi©, Oiilj & mlRtimly saall aaomt of pbos» 
pbate was retailed dwlag tto© 10«alsiit© and 48*iio«r fixation 
period®, but a trea#ndoM® t©o^ plao# Ml»a tfee pii0s~ 
pbat® solution ws® in ©0at&@t wltfa -tli« ©lajr® for a period, of | 
2 nonths.* fhe ©f fixation from & noraal salutloa was 
greater than that &©© a teatfe-aomal soliatloa,. 
Saapl^s of 100 ffig, of tlie -rarlouslf pfeospliated samples' of 
-0©oll «ilaj and teollnite lo# 1 were extraated for thr«© 
MmmsBir® l-toour period# hj sfamlias witJi portions ©f 
saturat&t adjttstet t& p« ? ta# 0,»1 £ 1©«. fb# 
resttltfi ay© eiwiarimd la Fig, 5 aM giwa in 4®taH !.» lables 
8 ai^ 9 . 
fh® sjBOtmt of piaosplmfc® aofe #j;tr&ete4 by laOH iaereassd ^ 
m th# tl» of fixation was ia^reae©#* f^ttieraor#, tfa@ asi?® 
o0a®#otrated, phoaphat©- fixstio.ii -s®ltt.t.i©a hM. left mom 
*'aoft-extraetsl3l©** pliosplmt© tn t,li# ©isy« fim. s&ae g&aeral 
statements may Ije mad® of tMe 0».lst«@ extractions., A larger 
resia.iie.of pfaos^Mte was left .ia, tlie elaj after tTOateeat witJb. 
th&n after tosataeat- IsOH,. 
f!i® d@-talle4 infor-mtl&u m gitea la f&hlm B 
BMd 9 shows that tim oae^lio'wr oxalate ©xtraeiloas usei. wife tk® 
samples wlileh imd bmm allo*ed to fix phsgplmt© tor 2 montJas 
behaved very aiaoJi like -Um 10~alaute. #xtra#tio»s previoua.li' 
nsM with finely g»aM ka®lliilt#» Thmm results would be 
©irpeeted if "ttie phosplmt# l»d ^astrataii lato larg® 
crystals ©far tli® iQag®** j3@ri«iA •&•£ tia#., ^ ^ 
fli® •dseil ©lay saapl^s i0#ata,|at^.^,,,,g©r© ptiospJat© and lield 
B|QM agatast extraction than did tM0 coprsspondims ksolinite 
saaples,,. fh© •HftQmmM i»tw@®a tli# two saaples wm tbe resiilt 
0f several fastorSw th® finer att&liTlsloa'of tM# Oeeil claj 
waa tmdou&t#<ilj a mjor faM.« 1 sliows timt 54 % of Um 
G@sil saispl® was aafi® up of raaterlal finer than 0^2/( in 
4iametsv, wbil® oaly 10 0 of fcsoHait®' lo-# 1 was -so finely 
•diTidM* the premms^ of gibbsit® in Hi® Gmcll &msple no doufet 
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Pig» 3. The Amounts of Phosphorus Held Against Water Extraction "by 
Kaolinite No, 1 and Cecil Clay (Free Iron Oxides Removed) After Various 
Contact Periods With Phosphate Solutions, and the Amounts Held Against 
Extraction With Saturated Aramonlum Oxalate Adjusted to pH 7 and with 
Tenth-Normal Sodium Hydroxide, 
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fsfele 7. Fkosphate Pixatloa Bi* S#©11 Slay iWrm Iron Oxides 
ReaoTedl arrl laoiiait© So* 1 as'4ff@-§t©4 by tli® 
Oonaentration of Piiosphate iJi Solution and tk@ fi»© 
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Original fia® of Gont&et F Extracted litli Fixed ? 
tration. <if Piios- . Wltii Phoapteat® Oa I HaOH, ©f Glmt lot 
.p&at® s^flwti^a S.olmti#a Itarlng Sxtraet«d 
Clay Fixation First Seecatid mird 
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Influeaset resialti, I. part ®f %im dlfferem# aaj b®: 
explalaei. "bf tli# hl^mv phosplmte ^oateat ©f tli®' orlglml 
0@ail sampl®, Th© mo\m%s ©f pliospiiortts eontaia®4 in tb# 
©rigiml sasplea vem t&f la %h& Q®q1X elaj 473 
p.p.a* in kaolinite io# 1, 
glay .deaoapoflitioa mtA mlumlnvm sr^eiBitation. 
fb# f©8«lt» of ttie ®;xperi»st®' mpoit%»^ la Fig* 5 aaS fabl#® 
7, B, and 9 str@ag.feliea@<l th# tbso-ry of ptiosphat© p#ii®'tratioa 
b#t.we©m tJi8 lattle© lay#?s ©f te©lialt©, aow¥©r, they 414 
itot l>ro¥® tJirt this was tli® onlj way la vhluh the phosiimte was 
fixed, Althoiigii the Glafs last piirifl®4' of all th© trm 
Iroti aM alminm oxides and axeliangeable bases wiii«h a®uld b© 
• 
f@»©v@4, tkar® was atill a possibilitf t&at some iroa Md eon© 
iato solution, and pr©elpltate€ tli© piiospbat© sr that som® 
phosplaat® bag 'Iseeii fl»d by tfet iron n&t r«!aoT#d, But b®aawg® 
ot tto© teoTOtagh pr#viotts treat«©at sad %hm ©nail aaoaats of iTOa 
left ia tli@ ©lays, tfels fae-toy wa® beli»-r#4 not to b# of mjor 
ifflportsii0©» 4 m©re important eossi4®ratioa vat tfcte pofsifeility 
©f a bwalc-dowa of olay ia tlx© seid solution, witti liber-
atloa of alaaiam aad its sttbs©ta«iit pF©«ipltatioii as aluainsiai | 
phosplmte. ^ 
*Iii later #jc;p9ria@iite, tfey®- fixation over a g-aoatli p®rioi. 
froni a 1 H plwsspiiat© soluti®» adjusted tQ pS 7 was det®wi«#d,, 
£x®@pt fQr til® reaetio-n of pli#spliat@ solution, t&# proe@€«r# 
e.iBpl©y®€ wag identical with that tas#4 in obtaialug t&® result® 
sliowH in fafel® 7. pli#B-piiorai. eaateats Qf %lm phosplia.t#d 
alays wmre 1160 aM. 5900 P ia tim kaollMt© Mo., 1 anui 0©g11 
clay ifre©- iroa oKides rdaowdl, respeeti'^ ely, fii©g«! results 
Indicate tiiat uasler fa¥or®,t>l# #®ai:lti©a®#,-^# f@tt®tratio.ii, ©f 
plaosi^liste into tlie kaoliaite partieles will also %&km plae® at 
pM 7 tfe© ©ffeets of ir©n and sli^ima gliould fee sli^t. 
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fafel# II. ffee Sxt.m#tica of fb##pliate .fea-a AlmiiJM® Fiiosplmt# 
aM Bi©ei&at®4 01ay» bf SfeaM^ag with fsrioiis SQlwtleas 
- - , gsMri.aJL . S&lMttioa P@ge:tat #-f .total 
Altittiiaa pli0splist© 0,«1 I iaOK 9f 
. Sa.taF&t®4 CliS4.|^S#A.,pl f 100 
m z ^ ^ • ff 
Oeell .el&j Cm® O.a'Ila01 m 
i.wm^ 0X%&.m (®E4)-®CJo%».pM T 13 
atetea. 2 a©ato wil^ pi ^ 45 
.1 £ pimaphm^ 
sdlmtioa^ 
laolinit« So, 1, <>»i J, Sa0H ,^t 
sliaMm t i©atfes wlt& Sst^rk-^^t CSl4.l5a0«%.,^ f S 
1 1 pltoBpJia-%# • a%iC5C».. pm. 2 34 
aoltiM0a« 
* S0.# faM® T 3 
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studies. g>.f pkQBQh&ie Qiatioa, taf -elays. i.e • 
- toy t^... QQfieeiitmtloa of -ofaos.Qb.ate in b,w& time Qf Qontrnt. 
Preliminary &Qiisi4#»%ioas>- la sttppleaentai^ studt®® 
aloiig wl%h th© dQtajralaatioa of pl-s©luMiity aurfts ©f 
phosphat® ia sails aM aatarally omm^rln§, piaospiiate aiiierals,, 
Stellj (56)-.GO ted timt ttie solubility ©f tbsf aativ® pbosptoortts 
in isaolialte lo» 1 wa.s at a siisimuii mmr tli® pi ran®© &f 
appi?oxiaataly 5 to 7» lor® pbo-splmte wm reaoired 'fc»j s-oliitiOKa 
more aeid or aor® alMaliae tiiaa this pi raas®. Saolinifc© Mo, 1 
to whi-Qh a saall aaoimt of solubl# phoapimfce .toad bees added 
gaT® a similar solubility eurve*. Saeli l^liaTior was not 
conpatiW..© with, the theory tfaa.t tl# phospkmtB is tlmd hf 
hj&roxfl replaeeaest, fsr tfe# greatest flxatioa % this 
• ii00liaaiaji had be«m uhom to ta^le plae® in mid solntioaa imving. 
,a r«aatioa of pH 3-4 (45, ff), fii# @3cp©rl«®nte of MaFplif (43) 
led Burd ana Mwrphy (11) to b#ll®T© tteat eonsiderable aaouats 
of tto® dilute aoid-solubl® photplmt® la kaoliaitis soils would 
he **sds©ri3©d* hy th® kaolisit© as mmu as it w&® dissolTdd hy 
%h& aeid, Apparentlf, swell aa @ff#et was of onlj seooadary 
iwportaao® hmre siaee the aolttMlitj iaersasM ¥li@r®, • soooMing 
to UmoT"^, it showli. desreas#.* 
0eesu@0 of the Bimll aaawBti of pliosplmt® fixed hy kaoliwit® 
fiaer tliaa 2j^ in «iiaoet«r# eo.asl4@rabl@ doubt was «ttt@rtaia@<a, 
in the ©arlj stag®® of Um imr^&tX^&tXon of Icaoliiilte*. that 
-5a* 
/ 
tlie TOMM aettaalli- tlx as swell. pMospfeat© as was 
Q.3.aiM€* fh© sasunts Gt phaapimim f%m& la .mny of Mwf&hy*m 
(43) @xp&rlmm%& may diseamteil to sob# extent l»sa«s© tt 
is w#ll toowii that mo'r& ^.ospiia.t® ia r@tala@4 ia eq.ailibri\M 
gfg'teas CwMeii li« um^} tliaii i« &©-M agalast waa&iag 
wat«r,. 
lacilalte lo, whiaii. #0ata.tii#i &m%j partial®® 
trMa -2 a l«t diameters wat dpigiimlly @oasld#r#d to Is® 
<llTid#4i.^ it fead pi»@vlottsly ^@a a®fee4 l&at. whmm titi.s 
HM tsTOzi sJmkea for 48 Moors witas, a aowal phospliat# sQlwtiio» 
and %im ©xa^ss phosplmtm l«m^eS lia©^ was pm-©t.l©al.lf m-
differed,®® fe#tvs#a the fl.»€ at pS T a»i at pi. 3» It 
was faeall.®^. also iiiat Mattsoa (.391 lad imported tJaiiti SEaoliait# 
dM mt .fix pJiQspliat©, fh® isport&ae© of a very t%m 4#gm# 
of sttMiTisieii ©r #o.sJi a.i is ^ • 
grlndi-i^ i» a Isall mill, wms mq% mmlkz^d mitlX mm ©f tlie 
©l&f wm grewid aad i^s pliesptet# fixing mpmXtf vms lba»i 
to fee ir#rf lii#... 
Q^mXd&viXiQ all amilafel® wp to thAii 
point,,., it 8#@ii®a mrtMim. *mil€ fix larg® «©mts 
of ^ospimt® .fern' a «id#. pliosplmt# aalmtioa owmr 
& Xm^ period of %im* •• •Sm%-^p0rlmp&--lf ^oMitXoaB most 
fmomhX0 for fixatioa hy km^Ximlte mm xmt umA^ a 
soaenrhat- different ml^% b# ebtai»4 of tli« imimm 
lapor^ESee of t&e- i?®-a«tioa.. 
A furies of m:p@r%m0m%& mm 3,«.M m% t© 
mrm' 'tli@ «5f j>l.^ of pliospfcisl® in .solutiom, 
aad tim of ap©a tl» flatioa ef pfe©,0ph.is.t« by 'kaolisai.-fe#' 
So* 1, taollmite l0:» 2,. timlj greaM sr^ slay^ 
A Mas co®pl®t® mt, Qf wm ma. m lifdmtea fealXoysit#^ 
Slid llllte* 
It wae r©ali»&?l at ttoe ottig©% t&at larger aaomte o-'f 
pfe&sphat® woul€, te r#tali»d hy th& slays in aa #qiillib;rlw 
m^Btrnm femn against mt#r, 'tfeESS: l@s^l.ag tfee i»ea-mlls ©pea to 
0ri-%i©i-« &n th<& Imsls mm ot Wm phmpimtm ms iiot • 
loweireri. t^ssMs® of tto# ^©at©^ aaomt of tii» 
mqulT<&& to l0aeli tk® ©lays witli water, aad tli# tlffloalty la 
l$a.@king all ssaplea to esse degree^, the equillbrliua system 
WES 4©i3M®€ ttfton* k f@w am»pl#s w@r® l#asli#4 »itit mt@r ta 
sappl#ji@nt tfe.® Infoimtioii sa syst#»s*' 
flie general prmedum «sM is all tim experiments was to 
wml^ til® 'sample Qt «lt,y litt© m tl&s^ or o^ntrlfyg® tuba, to 
aM tto ataMaM phoiplmt® selntisa f^©a & pipett#^ 
aad to frm bwte%%B& ttie 4e§lr§d aiaomts of w^t#r •a.&d 
0.#01 g SOI OT 0*01 ^ SaCM;*, fiae mmtalmr was fe#a stopp@i*ed 
sria ©lia&«a fer desir#A df ti»® after w&lah tto© clay 
wi,® e#tttnfttg@4 oufc^ SSL sllciaet ©f tfe© solatloa was taftea 
for pfeoi^hate dstermlaatton, aiM ti» p©ffialaS0r of tibe solution 
was «@@S for a pH dsteratnatlon* fiie pH Tslues w-er© determined 
eleetrosetrically. wit&, a glass elsetrod®. 
•3^ ' 
fl» emm siss® ©f saaple tli® »«»• olsf-solMtion ratio 
ia all woiiM iaf# 1»©b i.#sira-&3.®* tew#ir#r^ differeat 
si»t ©Mple# -md .©lay-^.3.mti€jii pati0s w@r@ 
for various reasons, iii#l«tltts tii# ^©mt ©f QlMy aTailaM®, 
t»t«s volwi' of liquid immmmj fm & pM 4#ter®liiatiom, th® tig® 
of aliquot fer pho^liat# 4«t@miiiation,, 
saotMt of pbosplm'te- fix®€ 'by a parti«lar el«f» fariatioaB ia 
s.aspl# fiat and clay*»§olatioii rati® woiald hmm a wmrtmiM 
oa^ t&@ -sliap® of th® 0urf®0 oali' wii#a tb@ eiaj fixefi »© 
pliosphate as to redue# e@a®id#raMj the- ©on^eiitratiQii of 
phoeplmte in th® solmtioa., 
f©r deteminatiou of fi»tioa from a solution teTimg 
a eoisesatration of 1 p«p,a« P,, lOO-eg* samplm ia 50 s#, 
sol«ti0». were used# F©r t&@ fixation fro® a .solmtioa 
trati^a ©f 100 p*p*m» P, 500'*i^# saaples ia 30 <!«•* of s©lttti0m 
M&m ^se.d« to tli@ 0as® of fiaely groyM, kaoliail^, tli®- golatiea 
ToliMQs wr® tfee saae as but tli® Blms were 
rediiis®# t© a tenth that of tlie oth®rs| i*e,, to ssmpl© sia^s 
of 10, SO, a,tA ^ r©spe«3tif@ly» Ti» reduetios in sample-
si is® ms neeessary teoams# prellaimrir #xp©ria©nt® hM. &hovn 
that the phosphate was praetl.eally all fi3£©d over a wid# pi 
r&.n^® when th® regular sia® was us©d» 
FintQly «royiid...kaoliiiite« Fig* ^ aM. fabl© 12 Bhaw 'ttat 
regardless of "tti® tii® of ooatast or tii# ooii@#»tra.tioii of 
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ICAOLINITL NO. 1 
\oo 
Oriqina\ ^otuhon 
don c.e n+ro t ion = 
\OOPPM.P 
lime of dontacT 
4Q Hours 
oODaqs 
44OCC 
U 5500 
5cxx: 
2 eoooi-
> 1500 
n 500 
Onqinal ^olu^ion 
Cone.en+rat'ion= 
lOPPM. P 
Time of Con+ocT 
46 Hours 
\oo 
500 
400 
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eoo 
VDO 
O 
Original Solulion 
i -C.onc.enlra+ion*' 
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' I 50Dags 
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SOLUTION 
Fig# Phosphate Fixation by Kaolinlte No. 1 and 
Finely (rround Kaolinlte as Affected by pH, the 
Concentration of Phosphate in Solution, and the Time 
of Contact, 
fsM« Rio-s-pbatie- Fimtloa hy W%m&Xf laelinltie as 
4ff®ete€ by pi, S®ii©#itt,rat40ii of FM©siAiate ia 
Solution, tlie fi»# of 00a%a©t* 
Original Solattoa 
Sds€t#atritti@a 
, , ,  
W%ml pli P Wlx®d, 
0f 
BQlutlmt ^of Qlm ^ 
Orlglasl Solwttto» 
0©at#a4rstS©a 
fimal pm P Fiisfi, 
#f P,P,1. 
SotutMrn. .of '^lay, . 
OFlglnal Soltttioa. 
#1, J, ,,^,,, 
fiaal pa w ri»a, 
of 
.S^toMoa .-of, gMy., 
fia® 0:f 0©»ta«ifc » 48 lows 
2730 3*m 3fa« 3.a3 M20Q 
3^1 3400 3.^ isoo %.9 m&m 
3*n 3270 3,4f .80t§ 23300 
3.90 ts^ 3.€# s.m 1100© 
asso 4.:# 61^ 5.?4 7550-
«*?0 S430 5* ft 26T0 6--W: 1% 59S0 
5.3© ISiO 6^m 1890 6,,i9 ^56^0-
6*ii igto 7* It 1410 *720 
6«4t 1050 ?.fO im 7.03 3770 
6,?S 8^ • 9,.-^ 0' t.TO IMO-
10.30 0 
tis# of frnta®'!* * 30 Uays 
t*9 33^ - 3.4 • lasoo 3»2 5mm 
- 3.6- mm 
• #700 
3.7 14300^ 3*3- ^200 
4,1- 4^.0 I,5t00 3.8 59SOO 
4.1 4il0 4»J iiw 5.7 ^300 
46^3 6,15 7610 1S20O 
5.f 3780 $im 6-,. 45. 17000 
6»4 327© , 7,# 2580 7.-2 81S© 
31fO i*m 3140 
6»75 mm 
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in 0oltttiom® added, ihm finely growM teoliait®-
retained a ©f phosphate et pH 3»5-4*. *Iim fixation wag 
apparently oaused iialnlj bj replacement of tlie hjdroafl io»s 
siao® it followed tli© priaeiples prmlQusly astablistied for tfeis 
type of fixation {^3, Sf). At r&m^%onB telow pH 5»5-4 
aaoimt fixed by ti© Qlaj dropped off ^spidly, apparently dm 
%0 a decomposition of tlae alay in tlie s$id solutions,, fbis 
deeoffipo-gition point eame at a higher pH falu® -Umn that reported 
toy Mttrpliy (4^) iciio eoiisld©red pH 1,5-*S as tft® poiat wl3.®,r« 
daeoiapotitioa ocaurr©€* His data showed eoae aluaiiam ia 
solution at pli 3» but no set of sxp-«riia©nts vmm d&ais^t&d 
prlm&rllf to find the- point of d©eoapositloii, tk© matter is 
obviously om of a.®gre#^ t#p©nil#mt v^oa a B-im'ber of faators# 
With thB pliosplmte coneeiitratioas im used, deeoaposition 
wottM b® #xp#eteil to ooQ«r at a mom&vtmt lo¥#'r pH -ralme* 
Wfeer© the origiml solMtioa ©oaetntrntion waa 1 f, 
it *ill fee noted tiiat tli#x^ vm s "ij-uap** in t!i© ourr# b©tw@e« 
pH 4-' CTd pi 5*3 foi* til# sloi»t®F tia@ period., ladieatiBg •& 
possible secoM form of fimtiQn. Over a fixation period ©f 
30 days tMis portion of th®-©»f# spj)aa*aatlj- filled out#, aiyaotigfc 
tfee laek of aaffioieut poiat# ®s4.© the mm^t simp© of tbe 
.©««•# ia 'ttiis'mng© toubtftil» 
®ie h&tmvloT e^ibit«d bj ttx® ksoliait® grouM. ia s toall 
jilll eanaot W ©xplmined ©atirelf mpoa tba basis of its eoate»t 
0f wry fin# material* A»s«ffli..ns tliat tb@ fiaely gi^oimd 
-58< 
sanple .euataiaed •?! % W % taints, 
m p»'rio-iisl|' tfe® a.s©mt #f ph0gplia-%». w&.i@ii 
«0a3l4 tm fix®4 l3f rei>3.s@®»#iit of • 1 iea# iit t&# 
©l®afag® l?lms#a wouia to® B^X> p*p^s, P., 4t pS 3*€ 1» th© 48-
liO'ffl?- p©-ri©4, the teol.lnit^ fix®4. 4if00 p.,p*»# i* •frQm & solMtiom 
@©ii##at..mfci0a of 100 p,*p«a» F# A% pM 3..8 «T@r m 30-^y p&rlM, 
59&OQ p#p,,s. P wm fixed.#, sii iMiaat- 'a'^aimisali fO ©f tJtt# 
hfAroas^jl Ions* If tJi« M%«rial tlmr Wim Qm2y<c la 4i«ii#t.@3? 
is. msymd t@ haw all IHydrexyl ton® tii® elews®® plan®® 
l^plaeM by piiosphat®., &mX-y .SO ©f ©fe@®3?v@d fixation WQIIIA 
|3® f0i»* It is SMss0#ta4 ^wlag .g;rin4.ii^ ia t&@ 
tell sill mm^ -of tla@ teoliatl# ©i^atals eraeked aai. split.. 
a* psinit til® se®#»8 plMssptet# t# a aMrfae# mmh. 
sr®a.t#r timn iMi#at#€ by Ife# as©-aat of yery f:la®l|' .tiTidird 
i 
•iaat#rial as €«t©rm4»a. bf a mmh&m%ml aimlysis^ 
K&Qliait®. .iQ.... 1. Tim ts^ teoliait# lo* 1, giw® i» 
15 .and iii©¥ii'®raplil«ially ia Fi^* 4^,. a» la .sharp eontfrast 
%0, i^©#® for tlm%$ si^tm€ ftsollBtitt, -Mmh s»i,ll#i* iwoimt-g ©,f 
pte»pfoa,.%® fixed ia all sas®».» At a selMtioa. «&ii§«]tt-trstion 
1 p:i,pp»* P# a aaxlwa .fti:a%i©a ©#e.a«'i?#4 at sisowli pH 6*5 • 
dwisg t!i# periM,: aii4 at .pH 5*5 OT®r tli® 30»<iaf 
p#ri@i,.# ffee» wa.» »© ifeiit-t ®f ® mm%mvm at jii 4 w i^^ . w<5ul4 
imai@a'%«6 fimiiGn by l^^t^oxyl mplm^m&m%» k eaall off 
fimtlo.E bj this @#«1# hm sowrad wp bjr o,tJ».r 
®ie • fm% timt th& m>xiwma ia fimti^a stoiftet dowwaj^d m &m 
fate!.# 15, i»iiospMat« flmtloa toy laoliaite I0,., 31 «.» Aff®et#4 
Ijf pM, tim in 
aai Wm fia® ©f • 
S©liatt#a Ortgiiml S©lttti#a. , OFiglisal Seltttion • 
CommmtmM&m Qonsentiratioa 
of 1 P of 10 i o.f .100 f 
Fiii&l pa P Fl»d, „ Fiiml .pa F a»d.» Fi»al pi f Flx&d, 
of P*P»1I, of 
Solwt-iom eff' Clay Soltttioa •of Slay Solufeiea of Slaj-
f im #f SomtM:!- •  SSMFS 
3*m #5 t.fl 30t %m M .5.00 1Q6 3.,06 27t 
3,W 28 3. SI 106 3.^ 24t 
4,W 4..03 
4.S®. sat mi 4at 151 
4.ta «f •• 136 4.. 70 itl 
rr • 6,91 1^, 5..S5 lai 
5.7$ 101 7*m- 151 6,^ ai2 6^m 12f. 9.. 50 © ISl 
T.00 m3 0 7»43 isi 
7.^0 . m 
fi»: -at i©iit».@t. s 30 Bafs 
3.0S' • IB 3*m a, as 635 
5.SS 2« 3.3$ 355 3.t tai 
5*0 254 3-* 33 555 544 
5.5 aB 4.1 4,.iS m 
6.. 3 2ii 3a m 
6,8 im 5-A5 BM 5..f 3^3 • • 
73 153 Cf m^- 6..05 333 
8.« 3a ?,a Ifl 302 
-S:,3 il 7,%S aft 
V 
•6#, 
o,f flxatloa was linsre&sed would ttiat iWi©p@ was 
slow fimti-on toy «.lw»liii« ia addltioa to tJa® fixatioa at pS 6«5» 
®ie 48-lio\ir mww® fer^ fimtioa a solutio-a eoac«ntrstJloa 
of 10 p»p*®» F flatt«a«d oitt t^owgti tlae rang# of about pH 
5-4 ®fi€ dr©p'p#d off mpldlf l5#low pi 3* fliere was a slow ris® 
fr©a pa 4 to s »xi«a fixatioa at p8 ?*f#5 a-bow t&e 
fixation 4#erease4 rapldlf# ' a -periQa ©fa aioatto,, t&® elsf 
showed a aaximma flM-tloia at pH 5*5*3«5» fli® m&3L%mmB at pM t 
for til® 40-liour earve slilft#t dowaward as it hat is tlit eaa® 
©f t3m I P eoiieeatratlos, was no w«ill-^©finM 
imxXimmf, hewewr, sine® • this type of fixation M€ii»s®d witii tto® 
fixatiaa sMowi^ a laaxifflia at pi 5* 
• Wr&m a aoluitloii eoii^#mtratiom 0-f ICXS p»p,»o* P daring ti» 
4S-liowr period th.® teolinit#-'^ow*d-two-^ ttxatioa-aaxiaa;, oa« 
at IJH €»S aM on© at i® 2»7, 0^®r t!i« 30*4ay period, tli# 
aaxiaaa® at tlie mom aeid' reaetion t^c&m nueli, more ^ pr^nouneeA 
and tfe»r@ was a rapid drop fro« tti© maxi»5aii at pH 3*5 a® tte® 
Fea^tiaa was raised t© -gE 4. Abov®- pH -4 tfe# Qmrwm flstt©ii#t 
om%., appar®atl|* iMioatiag tlw |>f@s#iae# ef aiiotii#r type -of 
fimtioa. 
In kaolinit©- lo, 1 it will fe® i«>t@d ttast tij©-r© was & 
gFadti&l ohanga in the typ® o f  fi'mtion as the Qoneentration 
of phosptet® in tl» solution was inereaeed and as tfe@ ti«® ©f 
®0ata$t was I®ng,t!i0w4» Wimrem tfe@. 0«w«s for tte dilut® 
aolmtioa sho«®d no ©'vidaaee of fimtion toy iif4roxyl r@plae@0»nt^. 
thl& tfpe of flmtioa was aor# mud u&m iu mXAmmrn m tist 
pliosplmt® m&mnt-mtiom ai^. tl» tio# ©f mutmt. vmm iii©«-ag®€, 
A «appl#.^-jatsrf #Ep#ri»®st wm ©arri#€ out ©a teollait® 
iQ.» 3. Cfi*®® i2*o» @i:ia«® TOt and feaollalt© S0... 1 
CS®gl3:0j»tr@st#4) to fintf How tl» fixatioa e«rr-e could 1m 
ffl«idifi#€* An. ©rigiaal 8®luti©tt eQa##atmtloa of 1 p^p.ia* P 
was ass^.. file rasiilts,- giwa is fables 13 sM 14 asKi is Fig,. S#-
sJi©¥ that before mmmmt of th© free imm oxides a aajclauM 
fixatl0a at pi 5--S»5.. -^fter tlia trm Imm oxi«l®s 
v&m Um fimtioa 43p@p|j©d sharplj, partiemlarljr la 
oor® assM 'Tbm aaxiwai fiatiea w&a at pK 6»5-T#0* 
bmt tk® mmmt ms @oiigia#rablj l#ss t&aa t&at mtmlmA 
lii tfe© mii0, pi Mtag© 'be for® treataent to t!i« trm imm 
oxides* Billing til® ^tr^i,ts€, saspl® witli Is^O^ rMusad tl» 
fimtion so^wliat In tlt« r«g# of pi 5*T, tout left a mMlmmL 
fixatioa at abo^t % -Si# feet thtat mm^w&l of tli® fr#® iroa 
©xia@a •m»sM a de@14#€ teQp 1st. fimtioa i^om tJb# »ore 
mei<i solwtioiis indieat®# tSimt Itor ai^t la&ire i*@spoaaitol© 
of fixation.# lowev#?, l3®©a\ii« tfe© aetliod fw 
r©«wii^ fre® ir©ii oxitt® r@®©'re# -sea# &m alOTiim, it ma 
mot poiaibl© to #@teraiii« laow imeli. @f th# d#©*'©ss@ i*©s«lt#i, 
f^0stt li*oa r&mm&l and liow »»#li r^siilt»t from the extraatioa 
of alumimw, fit© in fixation dm« -to the lagd©^ tJ^^tsent 
sliottl't M dm mntlrelf to ®3ctra@ti9a of free-alumlaa-^ bttt tto®!^' 
wa# e#rtsintf that all tli© fi«# alwaiim was reiaoire4» 
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fabl® 14. ffee Sffest of Previous lolling with. Sodtua Oarboaat® 
Wpon Pliospliat® fey laollait,® lo. 1 (frs® 
Iron Oxides lot Eeiiovs-d) froa Solmtloas SQntainii^ 
an Orlgl-nsl Someiitratloa of 1 Fiiospliorus 
Tim© of Gontset • 48 Hours 
Glay 
eiaj Mo-t treated Wlfeli MsgOO^^ Freviousli' fr@at«4 iltli MagSO^ 
Flml pH of P Pis£@d, Final pH of P Pi»a, 
Solutioii of Slay Solution of Glay 
3,oa 64 3^ 00 88 
3^ 05 n 3*26 f7 
3. a 75 3.76 125 
3.74 133 • • 53S 145 
4»G5 16$ 4,10 145 
4.47 210 4,. 35 181 
4,7© 210 4.74 185 
4..8§ 214 5*<50 801-
5-. 2^  234 5.15 189 
5,39 230 173 
6 a 226 6,».0 173 
- 6,12 230 6.1- 173 
6*79 161 6,,t 173 
6,95 161 6.4 165 
7.2 133 6,6 177 
7.€ 93 6,8 161 
7.7 52 6^9 161 
6.95 153 
7*0 173 
9.2 • 32 
S-3^rl»ats witfe liyaroxM® sliowed a maxima 
fixation at pfl 5*6 ft*os a mlmtlQm mnmntm.%%.oxi of 1 p*p»a. P 
ism fsble 15)* St@llj iSB} irnxM. that tto ^solubllitjr of 
pliesphat# in wmirellit© and mrlseit©,#. imt«r&lly occurring 
al«aiii» pha#-pMt@ minerals, is lowest- at pi € vitli a low 
©•©lability ewf t&e range Qf pa f««7» pS is t&@ range 
of,  aiiilsam golutoility ©f aluffllJiaa feftroxias i%), Um formatlom 
of |»h-©spliat# in l^ils pE Tm^m muM of naasssltir l» 
lars«ly s sarfa#© reaetloa* 4t r#a#ti©as »i*© tfeam tli® 
,raag® ©f alaimw solobllity #f al-ualnai} liydr«xi«l@» pj?@'®ipitatioa 
i»®aeti0as iavolving dissolwt aliala» sii©«l€ b®e©ae of gp6mt#if 
laportsae#'* fiaiis*. tiif flxati®ii at stooat' pH 6 m%0i% feaw b@#ia 
e&ms®d fef slumiawa, bM. tli# dowawari. shift la tb® pH of aaximiffl 
fl3ca%l0ii with l@nstli©a®€ tlae &t si^t. hmwe tli® 
r#sult of pre©lpltatloa hf mlowlf dissolved aliMlnwa, 
Kaolialte 2. this saapl# of teollait# Cf^ro® a 
i,lff#i»at S0i;^a# ^baa, ^&allaite I) Bhm&& a MMirlor 
wtoat different tmm ^at of Msollaitt lo* !•» flm- a®aiMt of 
fixation by th® H^satiirsteS ftamples, as shown la f&ble 16 
Fig, 5, was la g@a@ral not m gj»@at «X0«pt In of tk® 
48--4»0W I'eswlt® with tl3# I p»p.s* P solvtioas wli®r© tise tw© 
©wws w@» al»:St M«iitl0al, Mter® th® flmtlQn at Im pi 
irsiwes froa a solutloa ©®as«»tra.t4oa of 1 p«p.ii* f lii kaollait# 
lo:, 1 iaer©a8©4 mnsMmmblf &mr a .parioa, ©f a. aoatli,, ttoe 
liieress# Im kaoli»lt© io--.. t was adt s© mrlail., altteu^ tto 
«4'5-
fable %% j?te>sp}mte Fixatlom hj §»?». Almiasa 
fr©ffi a #oiie#atf«t40ii of I P»P».I€.. P as 
% pl« 
-flm of Gon%mt « 48 Homrs 
Final pi 0f' F P#JP»M^ 
Solution of 
t»T M 
3.15 ao 
%•! 5t 
5.55 104 
5.8 104 
6a5 im 
63S pa • 
6..65 8S 
6»7 so 
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f*0 m 
Tas ?a 
64 
* fk®. p3?o®@4ur® *a® t&« Bmm as- tl»t d^leysd W:t1& the- e-lays* 
A -sayapl# of 8al»F'*s a^F^AlCOl)* wst# ws«ii witli 50 m» 
@f s©lttiioia» ThB fixation Is #Kpi*©ss©i. ©a.tb© air drj Imsia, 
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fabi© 16.» Phospha^ flatatlom. toy lo, 2 .C,a-3atitrat#4} 
as Affeeted Uy ptt,. .ttet® •O0a@#a%i»sfeloii 0f Photplmi# 
in Solution, aM fin© ©f Sonteot 
Original Solution 
S0n®«atmtlo-n 
of 1 P • 
Final pH P Flxsd, 
@f ?.?*«• 
Soltttiom of Olai 
Orlgiaal Soltttloa 
donoentratiott 
©.f 10 ? , 
Final pS ,F Fix@4, 
of f..?•!,» 
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Soneentimtloii 
of 100 P 
Flaal pH P Fix^, 
of P.F.If.  
Solutiom of 
fis® of a©at.a#t • 4B Mom& 
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Fig, 6. Phosphate Fixation by Gecil Clay as Affected 
by pH, the Concentration of Phosphate in Solution, and 
the Time of Contact. 
-Tl-
tabl® 18« Iboapliat® Fixstioa fey •8#<siX Slay (Witmrn IMB QxMm 
l@aoT©d) ss; Aitm%9€ by tli© a©as#fi-tPstioii ©f 
ftMJsphal,® la Sola%i0% and th© fijs® of 
Grigiaal SQlmtim ©Figiml SoltttiQS Origimal S©lwtloji 
Gomasmtratlon ismftstratioa 0oa©®iitratl0ii 
0f 1 ?, f,M.. P 10 t 0t 100 P 
final pH F fixsd. Fiasl pM P FlxeA, final pH P ftmd 
©f P.P.M. 0f of P.P.M, 
SOlMtiOB of Glaf miutiQM ©f Olay: Seliitioa of 01ay 
fimtion f@ri0€ * 48 letirs 
5.00 103 2.S9 4it 2.74 aifo 
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3.ff 140 %:fQ 5*30 18S0 
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3.9 3-8 1270 4.3 2960 
4.0 4.7 1160 4.7 2500 
4^.25 444 5.35 m 5.1S 2xm 
4.7 444 0.5 S4f 5.^ 1910 
5.S 444 i.fS 5.3!) 1730 
5.8§ 444 7.1 455 fi-3 13fO 
7.35 341 #i7' lllQ 
7.8 1^ 7.4 771 
Iran wMsh Mi peaomt from th# elay. Owr th@ 
30-<laj period, •ti&#r@ was a .gmut %mm&m In ttj.© aaouut &f 
pliosplmt.© retained, aa€ fee %ip#- ef flxatioa liiewiag a aaxiiKja 
at pS 6*7 wag up, mppmrnrntXy alusiaum and ir®K. 
fimtioa wfetieh wa» of saeoMary laportam# la th® 48*lioiar result®» 
fhe 48-ii@«r fizatioa QWf« fr©a a solMtion e#iii5«atratioa of' 
10 p»p:»a» W sfiowM two distiaet aaxisa, oi» ia tfe® Faiis@^©f 
pB 6-T aiA tiie otl»r at pM 3.t., ®i#r# ms also s tbli^ jsaxiatiii 
at pi 4,5* fh® fixation bf bydfoxjl »fla'©«a^nt, ap|>®.si«4 
dMfing tto.® 48-iioaa? pe.riM in ^Is eiaf at a golutiom eeaaen-
tration of 10 p*.p»a» P. Dicing a perioi. Um flmtloa 
in<2r#a#ed aonetA^rsblf aad ftmtioa, bf iiydros^jl f^plseemeat, 
te^tl»®F wltti the fixation >h0wias a aaxlaua at pH 4»5 Cla th.« 
4S*hotir oTOriiliai.s¥©4 tl» tjij©* wm n© 
elear dlstinatiou b#tw#«ia th® separate «j«iapoa®iits ot ti» owrr@» 
flm- fixation fitom a 10-0 p»p»®« P soluti&a was ^oaiimted 
by hf^Lroxi-l rspli^^ment dtarlug sfcortep as w^ll a# 
longer ti®a of ooataet,' Si® abs@a©# of stisli & projaoaat0@d 
dowawaria, ©wrre in th#- fixation may la#' ii^leativ© of tli# 
greater iroportane® &ssm«4. tjy the fixation prevloiisly fduafl to 
o&^m at pS 4»5» 
•• It ia of psrtlettlar interest t© ©.©apar# tlx# results 
oistainM with tli© finsli- g^mM. kaollnita*, Seeil olay (fr#© iron 
oxides reraQTOa), ka©liait® lo. 1, sai. teollnit^ Ho, Buri»g 
tto@ 4S»lioi«r p«rlod,^ flmelj growit kaollnit© ®liow#d tke fixation 
toy iifdrGxyl r©plaesffi©at at a solutloa 'mnmM%r&%.%on &a loir 
as 1 P* Seoll ela^ witfe ®®re flm materlai th&m. 
Mollalte lo* sh.owe€ fixation hy hytroxyl i?«plae$®©iit at 
10 p»p»a., P» lasllalt# lo» 1 sfeewM flmtioa bj 
this neelaaaiim omlf at a. e©iis.etttriitiott of 100 p.p.m#. P* 
Otof Ui& 50--daj period tM© flmMoia hy i*@pla6©a#nt. of kji-roxyl 
ioa$ ^ slio«®d lip -lio.i*® proaotiim#<ll|' at l0*#r ©0iie®riti*atlon.s, bMt» 
was laot obs©rf«<l In 1 p,p,s.« P »lmtloas ewu mm tk© loag 
fixation period In Oecil clay sad kaollnlte lo». 1,. liaollalt# 
1©. 2,. edataining less flu# aaterlal %hm any of to# otimr 
saaples, did aot mhm a fisfiaite siaxiana %m fixation to® t©^ 
tiydrojcyl replagi©Mnt @.% a»y of tla# ©#ii#eiitratioas wsed or 
<a.wiiis eltlier of tlae p#rij?!ls» 
Tii0 results for S@«il slay Ciio-t tr©at.@4 %& r&mwm fre@ 
li^a oEidea) ar# glwa in- fabl® 19 -aai l» fig* IR both 
th© eunres for fixation from a TOltttlo» e©ae©atFatl©n of 1 p»p» 
?, =tiia flmtioa was at a aaxlitwffl.- at sb©wt pi 4»5,^ apparently 
'imlps typQ as tfmt ©bgerrsd %m the slay f^ros -Mhloh 
tha free iron oxides had beea i*@IIQW4, Siae© tlm ©larres were 
any flmtl©ii m&ximm at pH ^S-T was ©oy©r@A up* Most 
of th© pho-s'pimte was fixed from ttie solutioaa. a 
la*»g® part of tfe» pS rang® It »#©as pi?o'tmbl«» 
therefor®, that thmm woml4 mtt@h st@@p®r aM wo.ttlA 
shw a greater »:Ei®miB if a wid®r olay»s©l«tioa mtlo had l»ea 
fable 19* Pliotphat® Fixation % 0#«il 0.1ay {Wrem iron Oxides 
1©4 a#ffl©ir5td) && 4ff#©te4 'tef ]p®, fctog Ooii0®nti*atioa 
o-f Pliosplist# ill Solution, aii4 tli# fl» of Goateet 
BdWMW 
Orlgiiial Solution 
S^aemtratioB 
of 1 P.P.M. •? 
flml pa P Fixed,, 
of 
SolmtioB of Olsy 
Origtaal -felnttoa 
Son8©atmt.iofi 
of 2,0 f 
Flml pi: i» rix#d^ 
SolutlQB of aiay 
Origiaal Scilutiaii 
0oas«afcfa'll,©m 
©f 100 P»P,M. F 
Flaal ^ P Fix®d;, 
©f 
Solutii-on of Glaj 
fi» of goatast- z ^ laiirs 
3.00. 35t 3,00 9^ 
3.m 369 3*4i 1130 
33S 402 4.1:0 1100 
4.ao 
4.74 
427 
435 
4,7^ 
4...W 974 §-*10 4^r' 5* as 902' 
JTQ 6ao tm 
C89 341 l:S 
8.^51 
6m 
7.77 148 504 
gB 
3.13 
3,m 
4»10 
4,T1 
5,*66 
6.^ 
6.38 
$^n 
7,15 
3300 
2950 
2520 
2mo 
1%S0 
Ig^O 
1080 
1050 
9M3 
58S 
fise 0f Oontast- s 3^ ©aye 
3.2 455. 3'*3 1360 3*-5 •4860 
M® 33 mo 4„t 4030 
3..95 476 3.9 mo 4.05 3260 
4.05 • 47S 4,4 1310 5.3 26ao 
5»05 484 4.5- 1300 6,0 2180 
6,3. 406 • 5.0 im ,6.4 1850 
7.1 394 6,7 94S 1720 
• 7,65 300 ^.S 794 i.S 1600 
7.9 382 7.1 1260 
7.65 831 
'15' 
fhe for fixation, bf G«0il el.a|- (free iroa o3£id®g 
not 3?e«0TOd) trom a solution coaeeatratlon of 10 p*i>»!a» F 
•mm slullar to the aurv^ for tli© q1b.j from whieii Xmn 
oxldmu bad b#en TO»ov®i.» la tb©®® enrres thmm was br@a& 
b#tw©0n the fixstioii type a mxiaiui at pH 4«5 aM timt 
of !iy<troxyl replae#}i@nt» flie fimtion at pi 6 did show 
aoaewhat^ iiowewr* 
a# eurves tor fixatlen fro® 100 p^p-a. P solutiosaB wbt® 
almost etraiglit lines, Botli imd a sli^t break at pi 6-7# 
fhe-s# C5ttrr@s w®» about th© aau# s# tlaat for tlie 30-*4.my 
fixation int©rral in lai© oaa® ©f tM© olay fi»oa wliicsh tti® iroa 
©xides liad oeea peaoT#d* 
Hydrated ImlMiraitis* ftaa results of th# experiments with 
i 
hjdrate-d Imlloyeit# «»,• shown ia fabl® 20 aM Fig# T* ffctis 
el&y uhovBd a greater ajso.wiit of flmtion fi*ora a aolutioa 
eonaentrstlon of 1 p»p,m* P tliaa did any 0f tli@ othsr aaapl#® 
except finely groiiod kaolialt© and O-@0il olaf (fa?®# imn oxides 
aot Maxiaiaa fixation ws# at pH 4-5» fii® olaj fix®d 
ooBBiderabl# piaoaplxate wp %q abo«t pi 6*7» ^wt %im 
dropped off mpidlj as lb® reaetioa was raised atoow that 
point* Th© shape of tti® e«rv® suggitsts th# possitsility tJmt a 
ms.xlm\m at about pH 6-6,5 was e.ove»d tip by t&e attefct greater 
fixation odowjrriiag at pH 4-5 'SS the probable resiilt of fre® 
if@n and mlimlmm o»J,d@s* 
HYDRATLD HALLOY51TE. ILLITL BE-NTON^TE 
•a.<sooo J tjssoo 
^5000 
01 Q'i-soo 
•^<000 
Id >3500 
0 3000 
ll_ Ossoo 
^SOOO 
: 1300 
ICDOO Q" id 300 X 
OriqiriQl Solution 
1 Concentration -\cy^PT5K^ o 
1 Time of C Iontac.t 
\ 1 
V 
; ' ! 
\ 1 ! i 
N 
50 
SOOO 
5500 
4500 
•^OOO 
3 500 
3000 
2SOO 
500 
Criqina! Solution 
Concentrat'ion = 
. . . lOOPPM. P 
Ttme of Contoci=4€)Hrs,. 
^ . -j 
, i i 
1 ' 1 
• ; I • 
! ' ; i 
1 • i 
1 
1 1 j 
' 1 
1 P 1 ! 1 ; 
! 1 
-o 
SS 
>4000 
3000 
1500 
500 
Ori^ jinal Solution 
Condentrotion = 
lOO PPM-P 
Tin ^e c >f C ont 3Ct= -48V An. 
s 1, 
N \ 
b  ^- i d 3 \t O 
lOoD uJ 0 D <£ 
Z 
8 2 < 
lu 
so 0 
h 
Z bJ 
u 
fl. 
a' lU X 
o C 
CO 
oz 
0 I D. 
m 
0 i; Q. 
5 00 
400 
30a 
soo 
lOO 
o 
Oriqinai l^ution 
Cloncen+ration= 
IRPM.P 
Time of 
Contaet=4SHr3 
Jr-
too 500 
so <-oo 
<so 3 CO 
40 £00 
so lOO 
o O 
a 3 ^ <s 
Orlqinol Solution 
Con ee n t ration= IRPM.P 
„ Time of Con taet« 49 Hr«. 
\ 
iOO &00 
so 4oa 
<sa 30C 
•4-0 zoo 
ao lOO 
o o 
2 3 < 4 - 5 < 2 » 7 © e i O  
FINAL pH OF SOLUTION 
Oriqtnol Solution 
_Conc«nt ration « IRP.M.P Tim« of Oon toc+• 40 H rs. 
lOO 
do 
ao 
4o 
HO 
O 
2 . 3 c | . 5 < S T 6 0 l O  
(Tl 
D Dl 
0 
r 
a. to 
0 
r 
a. 
Pig. 7. Phosphate Fixation by Hydrated Halloyslte, Illlte, and Bentonlte 
(Free Iron Oxides Not Removed) as Affected by pH and the Concentration of 
Phosphate in Solution, 
-?T-
fabl© 20* Phospliat# Fli:sti©a hy aailoysit© as 
Aff@etea bj pB, tli# ^OMeairatioa of Phospliat® 
in Solutloa, aM frwi^ua Bolliiig ¥!%& Sodim 
Oartenatis 
fine- Qt Goataet ss 48 Hoars 
Orlgtiml S^lwtioa Orlgiial Solat.i©ra 
C-mmn%r&%%on of 1 P,P..M, P 0on«$aferation ©f 100 P»P,M* F 
fiml pH of P Fixed, ftml pi ©f P Fixed, F.P.I, 
iolutios of Sl&y Sdlutioa of Olaj -
oisf m ffasted Wltli lagG03 
5.t5 1B2 3010 
5-4 3as 31.90 
3.55 322 3*S-5 3100 
4.1 393 3.95 2T'30 
401 4,45 2480 
5. Of 397^ 4,8 2140 
3S4 5.35 ifao 
6.? 306 5»45 17T0 
T.3 15? 5.8 1640 
?.s 6.1 1580 
8.4 •6.5 1460 
6*0 1360 
?..4 1120 
Slay With 8a2C03 
2.85 Iffi 3.05 3100 
3.2S OT 3.7 t9S0 
4a 443 4*05 2670 
5.05 451 4.65 2210 
5.. 85 430 5.15 2000 
€,45 393 5.5 1780 
6.85 361 6.15 1540 
7.1 3ti 6»6 1380 
T.4 t34 7.0 1^0 
8,? 0 7.9 983 
tli@ Qlmy was gfouad oalj.to pass a 60-®®s& 
sieWjt ^s© fi3«tloii feom a #ol«tlon eoae^atratSon of 100 
p»p*m« F wag hi^.* Bi« mzlrn^ fixation oee«rr«d at. 
pi %1» 4 sliglit breai in tlie took pl&m at atoout 
pi 6# meobaniosl analy©is Im Tab!® 1 .sliowad that onlf 
19 % ot th0 saapl© was .eoapoaed 0t particles fiaer tlma 2/( 
la ©ffeetlT© diameter, and that onlj 7 %• of tJie material was 
finer tlian 0,2^^ . fhe al&y wss aoars«r tliaa any of tti# oth^r 
toolinitic samples mxmp% te^liait^ lto» S* 
III® unumu&l l^liavier m&j be ejcplainad oa the basi.© of tl» 
theory that altara&te laftrs^la thm Jajdrated Ijalloysits 
©r^rstal ar© **turii©d over'* froa t&© waf ia wfaioii tii.e layers oaoiir 
in laollaite, la otiier wori,.a# iiydroxjl ioas fee® ea«& otiaer 
at half tl» ©IsaTag# plsuss sa€ ©xjgea iO'iis fs.©© ^mh otiaer at 
tlie otlaer lialf {57}* Mmmm of th® wester attraetioa 
the sisilar ioat in tfe® claj^p peMtration ©f phtosptet® siaould 
tsk® plaee rather readily iat©' tht© hjdratM liallofsit# aryst&l 
aa was gmss#ste.d bj 130)^, M<©r@0¥©r., liallojB.it@ has a, 
©rystal ImMt diff@r®.at from ^tet .of kaoliait®,, Wb©r@a@ 
ka.@li^t«- erjstala sr® hemgoimi aaS. wowM hmm relati¥«ly 
littl® #urfa0@ expo^ura, iallofslt©- ©«enirs in ii@@di© siap©4 
erjstals C52,} wMeh woiiM gi*®' a. greater aaouat of ©.m-fae®* 
B®eaus® of tJi# larg© aaouRt of piiospimt© fixed from tb® 
1 p.p.a.. F solutioas* it ws® eo.asi4er®€ probable timt a tr#ata®iit 
with lS2^0j| would iiav® a aor® prQa0«a©#4 effect on tl» .ourr® 
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thaa it did In the oam of teaollalt® lo.-^ 1 (fFe© %mn oxit#® 
m% r&m&wed};. 4ft®r boiling tiie elai" witla. 3 0 ttot® 
fixation from a solution aoiio®atratloii of ICO p:»p,a, P was 
l!S#atl©al witii that to#for# treata^at {see fabl© 20).. One ewrv® 
wouM fit the two s@ts of polntf> la eas# of ^tk© 1 p»p,,a,' 
P sol-atiottg, • tti® elaf fi»4 eoi^^wfetmt--aor® pho&ph&te aftdp tk« 
iagSOj tr©a1ffl©»t t&aa befor®-. ais b®b&viQy xmy M ©:^laiii©<l 
on tkm basis of the otos©riratloa' ttot oonalderabl® aatlw 
phosphate was extra-eted tmm tli® ©laj im tit# slkslia® solutionis-* 
fk@ I&gSOj ©xtrattioa protetolj dissolvei. ©oa® of tliE® pliospiiate. 
Ism-ring th® Iron possitolf mom® hydroxide beiilM. 
ffat@g# aaterlals Wttlt b# abl® to fix son® jjhosplmte aft@r the 
tre-atm#iit» 4ao-tli©r possible explsiii-tioa Is that tfae l&geo^ 
ea«s®d a greater dispersion and left a larger siarfae# area 
expos#d« Altlioogh. th® prsseme® of alaffllii^m in tfe® MagCO^ 
extraot was asoertaiued bf a QtaslitatiTO test* th& reswlts 
indleat® ©ithor that little al«aim sotiw ia plioapliat© fixatioa 
wm& extracted or that th© fimtloa obsenr^d was not dm to 
free ali®ii», b»t was due to aao-tlsor oawset fh© faet ttiat 
ooa®id@rabl© glfebalt® was present as an iiipurltj la t&© h,ydrat«d 
Jiallofsit# leads er©d©ao« to tfae foraer iijpoWiesis.. 
MUM* ' Illite showed a aaxiBua fixation from a 1 p,.p,iB. 
jp solution at pH 5-6, witli a slow -d^O'-reas® at .aore aeid reactions 
and a rapid drop at hlglier pH values (sm fable 21 and Fig. 7)* 
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faM® 21*. Piioaphafe# "Fixal-ioa tef llllt# as 4ffeot#4 'by pi 
and til® 0oiie#atrmtiott of fiiospliat® In SolmtlcJB 
fiffl® ©f Sontasi -- 48 i©«rs 
Original S0l«t.ioii Origiiial ScjluttQm 
Goa@@.atrati©m of 1 P Ooae#»t»il,oa ©f 100 P*P.-1* P 
Final pi <sf P Fixed, -Piaal pi &r P flx©4» 
Salttti#B^ of Slay ^ ^ ^ of Ql&j 
3.05 1» 2,f •804 |.5S ITI- 3..4 804 
lis 3..5S 
4^45 18  ^ 4..05 773 
4.8S 106 $•© ?43 
6...t 194 5*T5 650 
#•? 1$9 61f 
%m T.O 619 
4t ?4 ^5 10..4 455 
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¥r&m m .sslutiGB soBe^mtr-ation of 100 p#p«a* llllt# ©howed .a 
IAA:El®aa flmtion at pU 2,9 wlt& a SIQW maft graAiml 4#e3r®s#© m 
%hM rsa^etrioR »s to pi. 10«4» ?®3:^ lltil© eau b@' swraised 
as to th® tjpes of fixation tekiag pise®, illit# 
gtiomlt. fiJE f&wy littl# ptogpbate by hy&mxfl mpl&mmnit 
beeause th© omlj pis©® lijdrexfl iens ar# exposed is 'at Urn 
#dg« 0f Wm crystal®* low #f tli# fixatioa at"-t3» low pS 
rB.lm» wm -du# t« l»n was ii^t It wm ©ertaia, laowtmr,^.. 
%im% trls® »ampl& @©ntaii»€. a #-oasia®rt.fel@ aaomt ©f lipoa oxi<S» 
'J3©eause of its 0riginal ilarM eol^r and it® r©dl4tsls. color mp&n 
igaiti«a* 
^atomit# Cfi*®#.ir&a oj£id#8,i>0t reaayed). fabl® 22 saft 
fig.' T til® 3r#swlta ©fetalwd wltli Mn.toaite. fb® m«iaiM 
fixation fro® a solutioa ao»e#atratioa of 1 p#p.»a» f o®aia*r©i,. 
at pi 5*.S*6#5» fix&tiea did aot €rop off rapidlj until %im 
reaotioa was 'b#!®* pS 4"fe0T# pi 6.5 the aaomt t%xm& 
d®@i*@as«d sharplf^ 
IVoffl a aolmtioii eoiieeiitrtttiOB of' 100 p*p*m,» P tii® aaximym, 
fimtioa was &%%Almd at pi grsdwallj 4##r®asiiig at ©itiiar 
•lii^er or lower pH ml«##» lE0r#&sii3® the eoneentratioa from 
1 to 100 p'.p^a, f 8iiift@4 the p^int ef maxiana fi».tion 
downward-* 
fh# data gi^en li«» ar# in .a0Q0ra. witti t&os© reported toy 
prmtous workers (51^* 55) wfe© f©-tt»4. a ffiaxiaam phosptet# fimtlea 
fatel® Pfeospliat® Pixa1i©a toy i®at©aii® (Fp®© Iron Oxides 
lot MmrnQm^.} as 4ff#ct@d fey pfi $.M the 0om€!:ntratloa 
of Plioipiiat® ia Solutioa 
fi-a© 0f 0ontm% z 48 losars 
MMIMI 
OrlglBal Solution Original, Seltttioa 
Goaeeatrsttott of 1. P.P.M, ,F QoTO^ntrntton of 100- P 
final pi &-t f fix@d,. P.F.II.- fiaal pB Qf P Ftx®d, 
Sol«ti©a of Slaj Solutioa of Olsj 
3.-.4§ 36 3,2 IW 
53S 9f 3.55 1230 
4* as lt3 3.SS 1330 
Km 195 3.95 14©0 
5.4 gia 4,3 14T0 
-^•2 4,S5 1530-
T.15 145 5.55 1430 
T»-  ^ 3i 6,4 llfO ' 
3.15 -0 ?.o 1©€0 
9,2 $.6 '511 
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at pa 3 and at pH 7 fef slisMiag. 5-.g;, amaples for 48 bours 
with. 10© QQ*^ ©f s©lmti0tts »-mal r®ap#«t t© pbosplmt©.* 
Ss©li was wasbed la t&® aeatrifug© witfe 1500 ©e. of 
•ae@to.a#» (Wasklag water or a^©t©m oa a Motoer f^aael 
was t0<^ sl«iw*J 
f&e results for wat®r extrsttion ®f the samples aft^r 
%h& pr©li»iiiaf7 aeeton® wsahli^ &.m giwa i» falsi® 23» It 
will tj« obserTOd that tfa® «iay treated to r@s©v@ fr®® iron 
oxld@s liad retslaM soawhst more ^a'apliate from a solwtlon 
at uS ? than •jfroa a lolutlom at pS It Xb a©t .eertaln timt 
tMs was ttot- result ©f fiEati,on or of & 
la washing. Hi# sto#ton@ waabiii^ was aot as effsctlr® as wat#iP' 
la r©ffl0Tlns p-laoaphste, 4ft#r extraotis»s with waterj, 
til® cl&ys ©oatataed tli® sft» aaottst of pliosphat©* la faet, tii® 
first wat@i* #xtra,ett©ii fcr©v^t o»t mmn^ phospiiat# to %lm 
saia® asomt present in b©t& sa«pl#s* After toe first tw#, 
©xtrastloas# tim saetmts p®ao¥#d fr©» tli© el&jr plioapiiat@d at 
pH 5 wer® larger lliaa tliose froai ti» am reeei-rlag pfetaspliate at 
p.a T* 
iber® til© fr0« iron O:K1€#S Imd aot 'tm&n reaowd tije? Qeoll 
elsj fl3E»d a great deal mv® pkospliate, fto -aaount at 
pH 3 was about fi-re ti««s as ataeli as tlae aaount retained at 
pi T» li^er e©no©atrstioas of ptosplist© wer# present la tli@ 
©xtrastioa solmtlons tljaa wer© wi'Ui %im- samples treated 
fabl® Water Extraction ©f Pliosplmt# Fr«»iB Samples of C«eil Olay Pr^Tiouslj Pliosplmt®d 
With a loraal Phosphate Solution Over m. Period of 48 Hoiars* 
Ceeil Clay With Wr®® Iron Qxld#s 0©oil Slay Witt Jfe®© Xroa -Oxides. 
fi@mov®d Sot Rm iOTOd 
Fhosphat® Soliatlos fhosphat© Solution Fhoaphat# SoliitioEi Phosphate Solutiosn 
of pH S of pH 7 of pH '5 of pH 7 
TJs®d In fixation Used in Fixation ?sed im Fixatloa Used in Fixation 
Ixtrastion P Extra©t©d. P lxtra0t#d. F Ixtracted, f Extracted, 
lo. of Glay*-» of 01ay««* ?#?•!. of 01a5^^ of 01ay#« 
1 799 1S60 5070 1400 
2 82 14.8 16i0 3ai 
5 ?6 S3 1220 167 
4 U 64 8SS 91 
5 m 2-5 670 m 
6 m 459 m 
7 29 2f 52-5 41 
S 7B m m$ 17g 
t Si B§ lit 4g 
10 M lit 55 
11 4$ 21 126 7g 
12 Si 51 B2l '• SS 
IS 11 11 184 §6 
- 14 14 10 im 43 
15 19 8 mi Si 
Total . lOT 'iWd ' mm 
P originally 
flx®d,-
p,.p#ai* of clay • 2OT0 2450 21S00 4450 
f not ©xtract®d. 
p.p.ai., of clay 650 680 9100 1740 
«• Irregularities in the suaounts removed la s-ttecessive, extractions w©r© caused partly by 
. the l®Bigth of tlsie the saapl#s stood between ©attractions# Higher asiGfunts of phosphate 
wer© ©xtractsd after longer periods between ©xtraetlons. 
««• fh# approjdaat© eoneentration of phosphate (p»|>«sa»P) In th© solution aft®r each ©xtractlon 
say be obtainad by dlTldl,ng th® extraction mlues by 1000* 
to rmmATm tis® iron, fli# differential 'festvsen tli© p8 3 
pM. 7 wa# iK>t a©^r®S:S®t by wasliias with wate^, 
,4 toaparisoa ©f tb.® two pH 3 @aapl@t after wmhlng stev® 
tiaat 14 tia#s aa musM |>liospliate was retaiii@i toy tii® cl&j 
oomtaiaiBig Hi@ fre# •oxi4@g a®, bf %hm ©lay wliieli tiiej M4 
to^eu r#ii0«4» In the two pi 7 »a,apl©s, tJie ©rigipal slay 
ret&iaeS 2*5 ti»a as aueli phospliat# its did ya^e Material tre-at®d 
to mmm the ftm© oxi4@s.« 
a# a® re salts show tkat mAmw tli© aoaditioas @»ploy@4 i^« 
fipei® ©xides in t&# gsdil slay w®r@ TOapoasibl# tor most of tliir 
fixation agaiasf l®aetoii^ witli wat©r» thmj s&y m% eliow the 
p^lati'T# afailafeiXity to plsmts, liQ*e'r#ri> minm tli® conc^ntratisii 
of pfeofpfast# in the ©Etmetieii solwtions fros th# original 
«lay 2*@#@i'rl^ pliosplmte at- pi 3 vmm ©onaidersbly iiigtoer 
than tlie aiaouiits femd in displais#a. soil s©lutiona, 
mmum of tfe® importmins® ©f ti» coaolusions inticated lay 
faM© 23» a farther ®xp@ria©Rt wm.s eoadwcted wJiitsli would alloif 
a mor® aaeurat# dateraiimtiaii of t^ piiosplaat© r@taitt#d toy tli# 
elsys after waalaing, Saapl&s of -Useil • clay w@.r® allowed to. fix 
pfatosijbat)# orm a 48-»lioar period .froa solatisne having an orisiiml 
eonaentratioa of 100' p*p*a. F, asing tlis saiaa pro0®d«re && that 
employed in obtsiaimg ttte results in Fig., Tii® fii;atiQii 
was d#temia#4 by smlysis of tiie .©©l^atios in ©ttiilibrim witli 
tto® elays. fliaa tii@ .gaapl®s were- ««te®d by mXih. i^-©e» 
portioas of l»il®€ 4i0tilled wst#r# eeatrifngiag, sipfeoning .off 
*37 
thm amd r©p@&ti»g until rmwf little phoiphat® waa 
llfe@3r'at#d.* A fusion analysis of tlie dried elay reaidm© was 
isade to determlae Mw nuali of th@ fl3E©d piaosphate bad Rot been 
e.xtra©t©d» 
Ftg« i shows tlmt in th© eqwillbrivji larger 
aao-uats of pliospiiate v©re r@taintd ia all eases by th© clay 
fro® wliieJi til® trm Iron oxides iiad m% b@©n r&mored^. and tlmt 
with both, samples tbe fixation decr^as^d as the pH of 
©•olutiOE was raised* tfaghiag with water mmovmd & ©onsiderabl# 
pfoportion of ths fixed piiospiiate fi»oia all aampl^s. For ttit 
olay ^entaiaing th# free iron oxides, tb.© simp© of the pH--
fixation iSurvB was not altered sigaifiaawtlj by washing* But 
wimr» tl» trm iron oxides had bmma rmmoved, tfmp® of the 
Qwnr& was ©karjged greatly toy washing,,, A large proportioa of 
til© pkosp'Imt® fixed at #E 4 was r@iiowd» More residml piio.sphat© 
remained wher© tli© reaetioa durins fixation was pH 5,T tima 
wh@r® it had been either pi 4 or pfi ?• 
Evidently» a oonsiderable proportion of the phosphate wliieh 
was presa»d t# i^sld 'by r#pla.@«»at of the hydroxyl groups 
of kaolimit® mm washed sut by water* Fhospha-t® fixstioB by 
»Tfcie saaples if®r# 9 tines ofer a period of 17 days, 
the amoimts of- phmph^rus remo-red i» tli© 9^ wat®r #:M:tractioa 
Clastiag k ditye) w©r® 18, 5» 2,. 4^^ 2, aad 1 p»p.m, of slay^ 
reading fro® left to right In Fig* 8* 
replacement of the hydroxfl groups of kaollnlt© is 'at a 
maximwa at pa 4 or below asd decreases rapldli' as tb« rsaetioa 
is aljusted towards nautralifcf# Therefore!# it would b@ @:^eetad 
that rerj little ©f the fixed phospliat© retained at pH 7 after 
waehiog witli water would hBld Uy lifdroxjl rsplaoemant* 
Fixation. "by ottior aeahanlsiis would thus appear to ba of greater 
iaportane® in holdli^ phosphat© against wasliiaij witli water in 
the Oscil clay uiidtr tli® ooMitions of thss© ©xperiaents* * 
Tabl® 24 shows the results of nat&r extraction experiments 
with th© G^0ll claj (frm' oxid#s rsffiowd) and kaolinite lo* 1 
sasples which h&d imeti ia mntmt with phosphate solutioas 
CpH 51 OTer a period of two monfes, th© origiiml phosphated 
B&apleg had beeia lea^^hed with I50Q ec» of water Isefore the 
©xperimeiit# reported her© w@r© rim» The data show that the 
phosphate fixed at pH 5, aost ©f whi^h was presumed to o@ h®M 
bjr h^-aroxyl r#plaes«ttt, had a rather hi^. rat© of availability, 
fhe ©mtraatioas ¥@ra not coatina^d f©r a long, eaongh time to 
teow how Bueh phosphat© would 'be- retained wh@-ii Um concentration 
of phosphat# in th® ©xtrsction solutioii had dropped dowa In the 
neighborhood of aaiounta foimd la displaced soil solutions* 
*B»Jtt nm% If a. mr®- e£iii©@Btjpat@d pheephat® solution had . 
b©©n allowed to react with th@ elaj for a. longer period of tim@» 
fablt 24. later Eztraetion of Phosphate from. Cecil Claj (Fre# Iron Oxides l^moved) and 
Kaollnite Ho. 1 Previously ?lio®pimt®d at pE 3 With tenth-lcjmal aad Momal 
fliospliat® Solution© Over & Period of fwcs Months 
Cecil GlayCfr©® Xresn Omld«s Seiaoved) Kaolinit® 1©., 1 
0»1 H' Phospliat® 
S'olution 
Used in Fixation 
1 1 Pliosplmt© 
folixtiom 
Used ia Fixation 
0*1 1 Fliospliat® 
Solution 
Used in Fixation 
1 1 Faospliat® 
Wolution 
Usmd in Fixation 
f Sstracted^ 
P.P.I, of Clay« 
F Sxtrmetedg, 
GUr^ 
P lxtract#d^ 
P.P.M, of 01ay« 
P Extracted^ 
? •?«,!* of Glay» 
First extractim 
Sesosd extr&QtioB, 
tliird ©xtraetisa 
Fotirtb. ©xtractioa 
Fifth extraction 
29§ 
2m 
191 
MB 
im 
2850 
2120 
1610 
I fBO 
12fQ 
1000 
515 
ssi 
519 
im 
2990 
1980 
m$ 
T7S 
491 
f otal 1100 9mo 2310 7060 
F originally fixedj^ 
p,p%a, of cl&y 5820 42500 5230 84900 
f not extracted, 
p»p»ii, of el&y 2750 S2900 2920 17800 
# fh# approximate eoncentrstion of phosphat© I p.p.®. f) in fh& solution after &&eh 
extraetioa may be obtained by dividing th® extraction Talu«s by 1000, 
-90 
3000 
2500 O 
>-
or 
O 
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> 
O 
Q: 
Q: 
Id 
H 
LZ 
CO 
K 
o 
IL 
s 
2000 
1500 
1000 
500 
2830 
H RP.M. P FIXED FRON PHOSPHATE: SOLUTION 
RRI1.P RETAINED AFTER 
WASHING WITH WATER 
1600 
700 
IlLl 
1140 
740 
FREE IRON OXIDES HOT I FREE IRON OXIDES 
RgMOVE^^O[^LAjJ^EMOVE^gOJ^LA^ 
4.0 5.5 7.0 4.0 5.7 7.0 
FINAL PH OF ADDED PHOSPHATE SOLUTION 
Fig. 8. Piiosphate Fixation by Cecil Clay From 100 P.P,M, P 
Solutions During a 48-Hour Period, and the Amount of Fixed 
Phosphate Retained Against Washing With Water. 
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fable W&teT Ixtraetioa of Phosphate B«intoiiite Preflously Phoaph-&t@<i With a 
lemal Ph-ospliat© Solution Ov#r a P<srlod of 48 Hours 
B^ntonlt© With J^«e Iron Oxides Bentonit® With IrOB Oxid«s 
l®M0v#d lot S«mQ"r#4 
'"fiibWphat® "'•'•''^Sospaat©"' 
S0lufeioii 0t pK 3 $<>lufelon pK 7 Solution of fH S Solution, of pH f 
Used la Flxatioa Wsed i» Fixation Used ia Fixatioa ?sea in Fixation 
f IxtracteS, P lxtj»a©tedj| F ifetracted, P lxtfa©t#d, 
0f eiaj# '?»?•!» of Cl&j# P,P#M, of Gl^# F.P.M, of Slaj# 
First extraction 9600 . 7560 8650 
ieoo»d e^traetion 4850 Z2Z 5790, ^04 
fhird ©xti?actloa 1080 MS 1670 • ^ 144 
fowtli extmetim • St# 47 46g 55 
fiftJi mtrmtim W2 m UM BS 
total MSOO 4540 1S500 - 9160 
f' ©figiaally fixed, 
p»p«B* ©f elaf 1S400 4S60 ' 1S7CXS §110 
f u&t axtraet^-d, 
p»p,a, ©f clay 2im 520 ggOO -50 
appFoxlaat© coneentrittion ^f ptoosptmt© Cp#p#m#. P) in tJae soluti^. after ©aeh ©xtraatim 
" aay ts© ©btalned Isy dividing the «xtraetion values by 1000* 
water* 
III am eaip«rlffi@iit oa tt© saa® aampl®® MS®<I in 
fabl® 15, til® #3cti»a<?tioa was carrlei. out by shalias lOO-og, 
samples of elafs for- four l-liour intervals with, 50*ec. 
poptioas Q.f gatttrt.t0€ -iSSiiJgSg^, solution ad3usted to pH 7*. 
t!i« plio-spli-at# was ©xtmstaa mry mpWly*- as iiot#4 In fabl® 26.* 
A®talya#a mad©- ©n tfee ®3ctmets IMlaated ormw 100 % m^ow&rj of 
til© phosphate in ©very @a®t Imt oi», fii© analyses of lia2G03 
fuslo-Bs. of th® ®xtFa©t@sl ©lay awple-® ®iiOw«d that oaly ssaall 
aiioimts 0f phoBpimti& wmm r^t&lm4» A iai*g#i* r®sidtt®- of 
phosphftt® was present in the irfi T esfflplea tiien in •to© pH 3 
ssmplss., aM ptiosphat® was mt&imd whBr@ tli# slay had "beea 
tre-atet to remove irm iron oxi€#e» fim explanation for 
two otesenratioas is iKJt appweat* 
©10 phospfeat# beM ay l»istoiiit#'.was in a for» a<ir® easily 
extm§tmd th&m that lisM by h»oliai-t®« A few aor© ©xtmstioas 
W0ttl«i fmw mmm0d pmQtimlly all ttie flj:©d ijrlioapbat®- F«aaliiii^ 
ta tte®- #lay.. fbat tli# pfeospfest# to®M by 'l»iitoiiit@ wm relatiwly 
aTailabl® to plant# was- sho-wa by Mmptaj (43, #4|,, Bats, to tm 
pTOs®ist«d in tM© 3aext- fmw pms^B 1®4 t© a siiail-ar oon©-lu@ioii. 
*lt iii^t fe® Qt interest to net© ttot 'fche behavior of 
til® '^feentoni^** fhosphat® towaMs -extra-atiou was siailsuf 
to tliat shown by C*P, alumlauB pliosphat© Ceee Sabla 11), 
fatoi© 26# Satmi^ated Oxalate CpB 7) Ixtmcfcion of Phosplmt® Froa Bentonlt# 
Previously Fhosphated Witli a Morsml Piiospbate Solution Over a i-S-Homr P#rl0fi 
B#nt0iiit# With Bf©« Iron Oxides Bentmite Witli f^ee Iron Oxides 
Sot S«mow4 
fhosphate 
Solution pH 5 
in Fixstion 
fhosjiiat# 
B-oltitioa of pS 7 
fse-d ia Fixation 
Fiiospiiat# 
Solution of pH i 
Uted in FixfttiOB 
WhQ8ph&t0 
Solution of pH f 
WBed ia Fixation 
f Extrmeted,. 
of Olay 
f lxtr&et#d^ 
P.P.M.- of -Ql&j f lxtract©dj of Clay f lxtr&ot®€, P»P»M. of eiay 
First ©xtrsctioa 
Seeesii ©xtr&etion 
ffctird extraetien 
Four til txtraetlon^ 
18500 
166© 
6§ 
m 
4560 
M7 
, 43 
. 103 
igeoo • 
340 
43 
,l§ 
nm 
• l^&O 
1^6 
• tm 
f©tal 2mm m30 lilOO - 9§&0 
f originally fixed, 
p»p»a. of alaj 1840G 4860 15700 ilio 
P not #xtrftOt«d* 
p»p*m» of clay 
1. Bf diff«rfftc« 
g# By analjsia of 
residw.® 
*itoo 
tm 
SO 
206 
>^00 
9B 
• -440 
166 
® fli© Mghei' mlu®s i» tli© fomrtln e:^traetioB wer# eaiased by tk© fact that th« samples st©o4 
ia a moist coadltion for scleral d&js between the tMM fourth extract ions. 
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Fig. 9. The (Jrowth of Tomatoes in Sand-Olay Mixtures as Affected 
by the Kind of Clay and the Amount of Phosphate Added. 
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pres-eat than it was la kaolialta lo. 1 Hi# tm& irem 
o'i:ia»« lia4. "^-ea r®mmre^, iBdleat.l©g gritater saomt of fimfeioa 
in til©' fow»r @as#» fl»s# results w&m Sa aeeoM witli 
i.ltkougfa •|i3#.r®'ms littl# diff^^reae# l»iw«#n tJi@ growtli 
la »ist a-M In tife# «ai^-»laoliait@ «iiowli^ a ®»H 
"fcli® fa,0t tl» .gro-wtli ms l@sa In tim teellait® 
&% %li# hl^m rat#- 0f pii©8^m.-%# -app-li-#atios iMiamted 
tlmt 80110= f%m.t%ou mm talEing pXmm» 
#piMi% Im tlm »iil i&t®ri-alij alt^r#4 Hi© 
.«>f m# tooiimit®. fli® grovtli as^®' m tke fiB#iy gromia 
Mae>li3fii^ w&B-'pQomr tt&n %h&% wltto tb#: otter eiajrs. • fli# 
•s-tros^ -fiJing po-w^r #f the: la©liait«.# m mMmtu ia latoratoi^ 
@x|!#rii»n%-«, wa® 0:f«i*at4T® i» Mji#€ plaospliat# in a t&wm 
©f l#w availability to tenato#®, 
flia. Sesil slay 3«pl®-s all @«ii«ld#rsbl® ^3®sptoat#», 
M by j^lant- tli® fimtiaa b#iE^ ial«f®®ais.'^ 
•&&% ^QwjB lay fcTOiinit® sad %]m% slioirs hy fimly 
kaoltait». %o »list ai^t. liinr# b®#a 
jDPo® Is^m'torf i^swlli#^,. th® plaats mad® l@ss p^ewtfe-#, 
iMlasMns sr#a%@r th# frm %mm om%&m h&& 
bd®a tfe# aiffei«at#« ia tli^t two s«1^# 
of plasts gi^*a ©a tfe# eriglml elay w#r# aot sigaifleaati,^ as 
mmem^ stetistis>a.lly. fiia growtii. oa fkm a«.«il flay 'far#&t®4 
%& f©»TO fre® ifott ©xtd®® was elgsifieaatly l©ss l&iya tfast om 
tie wat^ated elaj ai,i.#€ ©n. s» ''eqmivaleat to©liait«** l»si» &i 
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ii*0ii oscid# pi»@elpitat@d from a solutlao. ot ^01^, wmahisA 
wi'yi la® watil th# w@r@ praetisalli- im^ of 
ptiaib0, tli#a msliad wltfe 0»05 |[ ISl fskllowed bj tistilied 
water, llpoa apjing at 35^ 0,, tlils aateriai bad tti# apjjfoX'* 
imte eoffipo-aitiaa of liaoaite^ %0n o-tta it 
tfe# mpproxliiate sMpaeitioa of gee^lt^©, Tim air dr|r C3§^ G»| 
jiat«i?lel was suited to tfc® psts at ttus ra^ Qt 0.«5 s* F®2®3 
pot» & solutioii ooat-aiMss F^QXj was a4d®4 ta ^oiiM fcaollsilie^ 
a,t a rat© sufflsitnt to giw 0:.5 s. ^"^^03 P®^ 5 g. 
fli© mlxt«r# wsa ,h@ata4 for %ea to lmwt& goM e«>ataot 
'im%wmn %hB olaj tto# tiefdr® preeipitati^a of 
hfitiTOBis iron oxid® ftad wsAin^ wi1&- iaOl# 801 aM. wat#r, ©awS®t 
0m% aa #efseribe<i abow^ f&is s®t,#rial w&e ^d#a. r-at#- &t 
3 §» MollnXte pln& 0,5 g» ^*1% pet. AiMitiier p^rMoa ©f 
tM# ^0ts^ kaolla.it#, tr#-a.to4 tM Bsmm my ©xespfe f&r oaissieii 
©f th# was aM#d mt Wi® «fl® ©f $ g., 'i^f p©1b, 
Bi# ^ro@«4«a?® usM wm s'boat tiw as tliat mwlL 
in thm first-- #xp©-rlffl@nt,. ©alf ^XftrnmrnQms .-belBe 
&f appllsatioa of tli© ©la|- asd ipo» ©xl4# aM i» %lie Mixlns 
liii© &€ded materials witb. ©attire aaoimt ©f saa4». la th® p#t.# 
i»©#iifins phospiiat©, acsao'aalsi.a* piiospbmt® was M€#«i ia eolal.l®n 
at a •eqMlrml&n% t© tOO posjuis @f 10 ^ t«pe3?pfeo.sptoat® p®i* 
•*St&©lc saapl# ©btals#d f»a tfct® a„ f. yaiQd#rbilt. 0©» gro-iiii^, 
in a feall mill f©r '©©v®!! iaj#. 
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DISCIISSIOl 
Ptoospliat© Wlx&tl&u hj laolifAt® ' 
tim following disousdton i® aa atte^apt to synthesis© and 
Interpret the--exp@rlm@iital data of M«rp% (45), Stout (57), 
and that presented la tH© foTOgoing pages to giT© m ooisplet® 
a pi#-tiire as is j».usslbl© . tiae proQess of phospfaat®' flacatlon 
hy lE&olinlt®» 
Eie eombinatlaia of pkosplmte with teollalte is m 
reaetion of t&® double dee-oapo a I tioa tjpe, iavolvlng, a r®-
pla@«ii@at of lijiroxfl 40111 lylag al©ii@ th© plaa#a 
of tl» ©laf bf til® '^ospHat# Icsas in solution* A® a ©Mmleal 
r®ac?tlo», tb© esafclBatloa at phmphM.%@ with, kaoliait© follows 
prelietioas toasM ©a tim mas law* flie mrm tint solution 
greater t&e teadanef far tto^ lifaroxyl ions on th® ©laj to 
r^aet witli the hydrogem iona to for» water, leaviiis tSte aaioit 
aBSociated witk tim liy4ros®» ^ plmm of tk@ iijdroxjrl 
remoTOil* fh® greater tli# eo.ii©®atratioii of phospliat® along witit 
an inoreased bydrogen-ion a©ae@ntrstioii.|f th® Mr© t©i^ea©y tli@r« 
Is for the liydroxfl Ions to ft® ^plae#4,. slm« pfeospM.te foms 
a relatiTOlj iaso-lmtol® soapo-uM with olaj. If an #x®®0.® of 
hjfdroxyl ioas is added to *'*l£Solinit@ pliospbat®",. tli® reaetioa ie 
r@-r«r8«d, and th® pliosplmt© ia r@plae@d bf ^droxyl ions.. 
, at«» d3.ff®'i»dat#« b@tw«®a 
tl» r^aetioa ®f jii0s|>ka.t® wlfli aad tim F#aettoii witii 
s«&®titii#ea la tlff®TOS#®s are tM.# rsaalt ©f 
t-li» ^,r|*atal3.laii- ©karaeter &f %tm kaollmit®- as #©atira#t©4 t©-
ttot® S0l.#«iilar m loni@. imm d.f geliitss* Sin©®- Urn- pbaspbat»« 
eaa mm% pritmrlly oaly with ttat portion of tlis tei-0lialt« 
wlili@ii is #xpos«€ di»otlj to ©©atau-t *lt»k tfe® pli0€pl»-t# la 
solutt#a-jr •Ms® 4#®»® ^ wM^ta. il» rtaeiloa will t&ke plm® Is 
lnflu«i3^#€ bf th© i,©sr©« stiMivlsloa ©f elay. 
If feh® te©llait® is all<@*®4 to r@ae% -with ptoospMat© mm 
a l©Bg period #f ,tiia@^ aa aMitil©iml saomt will to® fixed bf 
iat® the ©jpfatal »t r®pla©@*iit of lorn 
not 4ii*®atlf expas#! Vm- g@itti.l#ii' ss^TO-wMlug, particles., 
fli® ia#gi»# to wM#li fcfctis **.s#®aa4arf^ reaction taK#® pla©© is 
agalm largely fef tit® af twMivieloa of tli# 
elmj, Qt>vl0ttslf, til® 4®^## ©f sttMiTisioa tteS' 
ffi^re- eri-s'tal #€s@# will b® »:xpo«4 aai tb@ mom startias points 
Mill l»-aTaiilsbl# f©r tlml tuwrnr^ Pv^-tSmrmetmii&« 
mom finely 4lTi^d ar# tte fartt«l@-e %M& isore ©ailly ttot. 
p@.ia#1»»tioii tMB erjstal -©aa tote |jlae@» fto.® ^«®ssai»f 
d®fo'im-tl©n of til® ©rfstsl is not BO- €iffiewlt ttae total 
fore® feoMi3E^ tii® lay#r8 t©s©l^r is wsmter a® la ths saallor 
©rfstals,, ©r whsr® a&iay orystals tew# been orael^d aM partiallj 
feroftoa wp as mast b© ea«@ wiier# tli® l»oliait# has l»«a 
Sr©«n4 is a Mil laill* 
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ffc« faet tkat "kaoltat-fce pkosplmte^ te aot & m.%ur&llf 
s^Qwrtiig aiaemlj^ e© fm as is iMieat#a timt teis 
•aeaMiistioa is l#se stmMM th&m. ts aorasl kaQlinit®* Whmn 
%im mvxrm- of sslubl© pfeoapaate is rsaoirsd from Imoliait® tii® 
Fsaeti#n it'tert® to rmmr&mp and timt phospaate h»M hf ii» 
©lay l»glns t© mm ba^lfe iatis 'Soitttl©!!'* 
Th@i mmmn%w&%iQn of pStoapha-fc# fenilt ttp 1e s^l-mtloa 
a«p#ii48 primrily Mpon §M^m® ®.f fiatus'sMda ©f tli# swfao® 
of tha feaoltait#, that is, "tti© relmtiT# mmkmrm of lifdroxyl and 
phospli®t@ ions pF®a©ii%. viili aiMib#!'® ©f pliosplmt# 
i©as by til® elaj, tto «#ii##iitmtioa, ©f phoapliste in 
sol«%ioa w©ttl4 tee maeli ^©stsi* in Wm t&m Qt a eoarae KaoliBi-fc© 
thaa Mitk' finely gro«iii. te©li,iiit®« Wt%h mqmt mm^mtrmttoms 
0f piiO'Sphat® ia S0luti©a ia «-tiiiiiM'i» witli a Qo-afs®' laolinit# 
a»a a fin® fetoliaite# oaly a saail of piiosplaat© will 
'be ia @»i3timtt©ii wi-tti tti# <io-ar» #l&j# wliil® a eonstteraM® 
a-ffisttii'fc {» li@14 iay ta® otli#r#-
!&«• @#u.s,@ii,trati©» pM^sphs.t® ia solatioa d®p#iid@ also 
upon, tlie aasaat of p&ospli&t®' li#ld fef pea@tt«ti©a iato tb# 
-teollBit® QfjstAl.M llieia tiydrolfsis Jtos rsaofsd #©« of tli#. 
phofflpliat#- fmu tli© o-mtsid© ©f pbo-splmtt l»14 
oa tli@ iasid®, mov®« QMt.warA t© aaisfcaia aa -eq-iiilibriiiia ®oaditio.ii, 
aakiag p©asifel« a 'fW^wr l6ss of pliaaphat© to tli@ &#l«tioii, 
tteiii abow pic5liiair« ©f -^e #f tii# rewrsibl® i^aetioa 
af pii©«plsat®: wim tedliai^® is hmmA m it8swapt»i©« thai 
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Pbosptet® PSxatioa fey Qlmym at. pi S-f 
So fai*, t.li© dlsexistiQH has im@m. limited to "ya® fixatiosa 
Qt pho®pMt# bf repla@0iieat of tti# fefdromjl growps mxg>Qmi. 
on surfae® of %im latti#® laf-ars of to©llalt?ts elays, 
aM rel&tioa of this fimtloa to fixation toy tme tmm 
and alamlnijffi oxMes* flis preimbllity t4»t flmtiom fey 
r®plaoei»at of gr^oups a,s®.oslat$4 tii® toolialti® 
elays is not tii# dosluatii^ faeter in d#l®miBliis tii® solubilitj 
flx«d ph0splia.t© rai.»e® %im Qt Vm iatm» asKi 
iaport&no# of tli« fixstioa, obs©rv#4 at pH 5-T» 
411 ill® olajs tested ptaotplmt® at- pi 5-T# Alt&ott^ 
the fixation was attributed td alwsiiiim, m diir#et 
was a^allaMs to sttbstantlat® tlie toaelii@ion# Tm F®asoag for 
&@ll©"r'S^ tlia.t til® fi-mtioa Bigfcit be dm# tO' al«iita» w&mt 
(1| naturally oeottrrii^ alMalutto plie®piiat®« sbow®t m low 
eolttbilitj tferoM^ Uiis pS ran®# »itli a ml&Xmmi tolmtoilitj at 
al3@Mt ^ 6| {2} ,phQBph&tM' fixatioa toy slyaiintt® hy^roxid# from 
a solution eonssatratiaa of 1 p»-p.a» f was at a aaxiw» at 
ateout pH 5*5-6. ft& gr-adml AowiimM shift ia tii@ pH of 
aa:xl®OT fimtiott wit^ l#iistfet©»©d tin® of aoatagt was ®ttrlteuit®4 
to til® gradual solution of aluaiam aM til© pr^oipltatloii ©f 
ptoosphafc#. 
W&rlom workmm 18,. 51,# SSI w&o li»@ iiw^stigstM tli@ 
fixatloa sf phospliat® by 'immtomlM aaa soil ©lay® C|>i?oba'&l|' 
eoataiaifig th# a©ataorilloalte an^ illlts tfpes Qt mlmra-lm} 
h&wm •i'yisg^fsted tlist fjUation at pa 3»f wa.® dui© t© aa 
aa|@ii tottwwa • tfe® ph&Mpbm%& a»d %im hyd^:^l groups 
oa elay, is Xittl® mid&.m0 ia atippsrt. 
ot iM tM&Q-xyi, St»ei© C5S) sli©M®t timt aer® KOE was' p#tiaiy®a' 
%& brti^ a mixtur© of ©leetrodlalj^^ elaj and 1^?% te a pi 
mill® -ai® pfaospiia't^ mm rataiaed^ tJaaa to brliig tt» 
separ&t# «0»poneiits to tfe® mm pH* fkis pimmmemn was tatea 
to iEwiisat®- (8) ttoat tM ,8^ S©b« Qf di®-so«lat,eit 
a®jp© in tJbfir prs##a@« #f t&@ elay, a beftavi^sfi* aKmlogome 
to. tliat ©bs#rf»fl, wfci«a ie titrated wit& w&sre 
tl» tiilM 1"^ is dlspla®#d at p& 7-$,:l»0t®ad of 3.3 as TOM14 to# 
fima its 4lsa#§ia,tio-i4 soastaat-* If# a® aaeoFtiiig to 
,,i!@ars#tii (51)# |>h©#plmte mtB a# a tr4TOl«at loa wimm it 
iS: fixed lay tMe less h&m *©ald r®quir®d^ ta titmt®.-
t&if ®tx,tmi*@. of &#lii ©lay sM B,^§^ t© pM € womi-d im m&dsA 
to titrat# tb© ladlYidml®* Aa-S0i€lag to tli© #qttat4Qii 
all h:g€mQ&n lorn wettM tee satisfi«a, foj hfdra^yl loas 
©offilag from tim • • 
— 0\ • 
— 0-- p - 0 f 3 aoH-
—0 / " 
f&® oslj 'base i^qaii»ed woiaM hm tli© andtiiit utilizsd In r©plaeiag. 
@x@haiig©mM# l^dTOgen froi^ the said Only %t It is asswpi. 
that %h& ptosplmte m%s iialaly m a aoaomleat Ion wouM tti® 
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fStese groitps a&eottut fsr tli® fixation 
©fes^rrefi at pi €• lsw«f@-r, mm a© appajfeat i«@As#as wMf 
tfc» groupa attft®b®<i to silitoa ©n @ts®a o-f t&i 
©rfstal should b@ reaowd-B^st rtatily at pH 6* fh® sil.ie©^-
o^ys@a "bsM ia mry strong, as was #aplisai»d r#p#ati®f€ly fey 
Bragg C9)» &WS, it wouM s»a wry dlfftemlt t© safestltmt® 
phosphate for tli®@® feytroxyl 
ifhatever may he the muse of tb© m&M%mm la fixatlsa 
at pH f*?, it was pres#iit is all tfe© slays t@st#€* '©le aeomt 
of fimtioa by t!i® Molmai#® ©r aeehaaisai# op@ratli''e in tki® 
raas®, while small on a per0®iitag« i&f thm olay) tmsls, was 
lar®® wh#a so.iisi<ler©a la lig^it •si' plaosplmt® fertilimtion, 
fte.® results of si»«aiioii@#. #xperl®©iits gwggestet that fimtion 
#bs©rir0d In til© laboratoi^ ia ttiig pU rang® di€ d®er®as# tfe# 
sTailabilltj to toaatoes of j&ospMt® swi<i@A %o kaolinit® aiat 
toentofiit®. 
Sttaaarj a®i . 
A stttdy W-&.B mAe ©f phLOsphst© fixation by mrious alMym, 
ffe® kaollaltio laaterl&ls tts^d wep© feol-lnlte froa two different 
soiirees, th© elaj fraetion ©f tli« d©oll claf soil, aM hjdratet ~ 
Imllojglt®. MoatsorilloBite- aM illit# were in^liidM 
for ooiaparl&oE., 
Pralislnary worfe: smsgestefi.' the possibillti' tliat in aMitioa 
ta r^plmcins mwptme exposM tJi^Qaeyl greupa phospJiat® Ions 
@0uld penatmte lato ttm aryftsl betweeu 'ttae lattie® lajers 
aat replae® some of the kjdroxyl tons at the elea^age plans® 
iiisit® €if tJae partlQle* Xf sasli we». the ea,B&, thm fixation 
siiotild alowlj Inersas® witli ttia«, aM mo fie finite "sat-uratioaa 
Talu®"' would 13$' rea^&ed mtll all tlie feydroxjl groups hat beejti 
replaced, 
Sxperimentu allowed liiat th@ phospkat© fixation inajpeagea, 
gi^atlj m tb® tiM of contmt was lengtlieii#i* example, 
the- Gmil eiay (frm irm oxides reswed) fixed 3§3 p*p*m»- f 
teri.Bg a. lO-minute period sM 42500 p,p,,.m, P during s g-montfe. 
p0rl#4 from a g©lutioii of the samm #ooifejatratloa» 
Extraction data sliowed a slow and gradttal resoTal of fixed 
I>lio®plaste with eatwrated CS'S4)2%i5^ adjusted to i^.f ®-s @oiitrast«€ 
to a rapid remval witli 0.1 1, laOH. flies# r@sialts Indieste 
agaia tlist some of Uim phosphate was held ins id© ttoe crystal 
tbe aotiirttf of ttie omlst® Ion should be eoxifined largelj 
-1X4 
to tk© otttsid® of the particles, wb»r«ss tli® ®©tion. ©f tlid 
HaOl ©ouia take pla«# iBtld® as well as outside l^eaiis© of 
%h0 relatlT@lj smil slm of tli® liydroxj-l ioa, fhi© gradual 
«3£traetlon with th« oxalate suggtst® tbat as th@ .phospiiate 
was removed from outfid© p.osltloni tli«r® was a resdjmstmeut 
wliaretoy tli@ pliospli&te Maid iusid® %hm crystals lacyred out to 
wh«r@ it eould 130 rapl&©«d. 
Fixation by iren in th© absve expmrlwmntm was "toslieTed 
to 'tm of minor isportsns® !»«&«$# af th® thorough pr@Tloua 
treatment of the clayg. to reaov© fr®«f iron oxides* Oonsiderabl® 
amomts of alimiam w®r# ditsolTed a» a rea-mlt of shaking 
the ©lay® with a solmtloa haTlag th@ earns aridity as tht 
phosphat® solutions» feut aaay tlBsa aor® alufflimiii wo'iald imwm 
'mem required to aecomt for th® larg® aaomats of phosphat# 
fixed* As a further' Indioatiom that the phosphat© h@ld hy the 
clay was not retained &« ordii^.ry &ltm%mm |!liofj|ii,|©#- the 
h@hmlQr of th® fiE®d phoaphat® toward® esctraetion toy various 
reagents was q«lt@ dlffereat than was that of G»F, B.X\mlmvm. 
phogphat©. 
fo ohtain a aore.oomplet# piotur# of th© behavior of 
th® olays, a study was md® of the @ff@at of pH, ooaoantration 
of phosphat® iB solwtioji, aad tia® of ooata«t oa tlw aaomt of 
phosphate retained in eqiiillhriua systems, thm reaetioa range 
©mployed was approximately pi 3 to pH 7*5* phosphate 
eomoeiitratioiis w«r@ 1, 10# aad 1€)0 p«.p*-a* F la solution, aM 
th® tiaes of oontaet w#r« 48 hours aad 30 days. 
-115« 
th# ©f tilt pi-flxatios Qwtrms for tia® ksollnitia 
«lay® sliow®<l tkat toy hydroxyl r@pla©©ii®Ri was wry 
strongly Injflueneed toy tli@ pbasp&st® 0oiKs#ntrati0fi and th« 
till® of oentaet*. More piisspiiat© wm fXwBi. by tliis neeiiaaism 
from th® morm eeaeeBtrated solutions »-M during the lo»g©r 
fimtiora period, the aore fiasly diTidsd' saapl#® showed fixation 
by hydroxyl repla.o#m®iit at a lower pfcio#pliat© ooasentratioa and 
a sborter tia© of eoiit&et than did tlie aoaraer olaya* 
Kaoliaite whieli Mad te#©s grottad ia a ball mill was tli# ©aly 
saaplt shQwiiig this fixatlOG from a solutiou hsfing aa 
origiaaX @on<0®istratioa of I p*p,ffi» .P, fk@ OQitrs#r sample of 
MoliRit® eaployed {2 % flnmr than O^tyt in diaai®t©r) did 
not flhsw defiait® fixatio-n du® %o bydroxyl replae#Mnt under 
any ©f th.® coaditioafi #«pl0y©d, flia aaoaaious betoTior -of 
hydrat0d Malloyait® wMeli,, wen tliougii it was a©t finely 
dif'ided, fiE#d larg® amoia»t® df pfeesphata due to hydro:Kyl 
replaeeaent from s solution eoiio«iitrati0a ©f 100 p,p,ii, ? 
eaa pr©Mbly to# explained om tte basis of #asl@r psMtratioia 
of ph.ospiia,t® l»tw©®ii tli« 1st tie® layers resulting fraa 
atruetur-al diff©r@ae©s ia tl^ elsy« 
Bi# oaly type of fixation defiaitely evi&ent from the 
pl-fixatioa a«rr©s for finely ©?©imd kaolijiit© was ttomt du» 
to hydrsxyl replsaeaent.* fh© ©urres for t&@ other 'Slayg showed 
iBOdlfieations resulting froa otii^r fimtiO'ii faeehanlsms. 
apparent effeet of aluainaas was as^d ©sp®-etallf in tli« 
Cf«rre« for fixation fro® solutioa eoae^Btratioas of 1 aad 10 
p.p.a.# P, In tfe© fQrm of a aaa^lmiKi at pi §-T» 4t tlieg® 
phios»lmt© oonoeatrationSj, reteatioDE by alwmipy® was aor« 
aar&#dl aft@r tli@ 30-day fimtioa period %hmn after tki® 
48'-howr inte-rr&l, la tli© 100 p,p»si, P solutio'iis, 12t© ©ffeet 
of alamlama was usually masto4 by the mu^h gr«at#r fixation 
dii© to iiydroxyl r®plao®ii®at ^ - partloalarly aft®r tJto JO-^^day 
period, fh® @ff@ot o-f iroa -was d®fiait©ly shown only In tJi® 
0®all ©lay. Ixeept in tli© 1 and 10 P solutlona, wli©,r@ 
if was ®irid«at as a asxisKa at about pH fixation dti® to 
iron was aot distlBgwislmfel© from ttoat dii®, to hydroxyl 
replae®Bt@at# Tkm ©lay eontaialug th© free iroa oxides fixed 
a larger aaottnt of itiosphate in all oases than did tia® 
©orrospouding treated clay,. 
Moiitffiorlllonit® i feeatonlte) showed fiacation apparently 
due to almiiwia at botJ^ istoo-sphat# ©o-mowntratioiis ©iaploy@d 
Cl aad 100 p.p.ffl. P in solutloa)* Plxatlon by alOTimiin ai»l 
iroa was protoately operative i» tlie oas© of Illlte, but the 
eurves obtained did not give dofinit® iadloatioK®, 
fli® sti;^y of phoeph&te fixatiOB in ©Qiallllsirlum syBtoas 
at different pU -raluos was supplenejated toy experimeata in 
which, the phosphat«d olay® w®m Isaohed with water and th© 
araownt of phosphEt# ©xtraoted w&b d@t®ralned. fh® large 
-llf-
anoimts of pbosphat® 3f©taias€ bj 0®0ll elaf and te.#liiilt© 
@a®IJl#s, pr®0'tm&bly tml€ largely bf %im proe#sa of hy^roxyl 
showed m rather higpi rat® of r©l#as©, iMleatlo® 
that a 0oasld@rabl@^_^portls^^^^^^^ 
hj'piamts-, 4 ©Qsparisoa of the Cesll Qlmy treated to reaow ,, 
fr©© tr^n ©xides with th® clmy mT%%&Xn%n§ th® fr«® oxides 
showed that ©ossiderahlf Iwkt^^r mmuats &f phosphate w#r# 
retained aft®r leaahiug, where th® elaj aoata-ihed the fre® 
oxides, fh© iiut0h narrower ratio of th© &mwa%B of phosphat# 
flx@d by the two saaiples ia sa equiiibrlttm sjsteai suggests 
that a larg© portion ©f the phosphate held by hjdroxyl 
r@plso©ii0at In an ©quillbriuffl si-gt®® was rtadllj- reaoved hj 
washing with water aM that a larg® part of t!» phospha-t® 
held after th# matr@at#d olaj had -beea washed with water was 
retain0d^^_b|;^ th#_j^ oxides. It was eoasid@r@d. however, that 
the teaolinitic portion of 1&# 0@eil alay eaa hold s©®® 
phosphate im a fora of low soluhllltf, L@a©hiiig toatonit® 
with water reaoved most ©f th# fi»d phospha.te» Saturated 
CMH4}2SgO^ adjtt@t#d to pH f rapidly and almost ©oapletely 
extracted th®' phosphate fixed bj the ta^ntoalte. 
•0r@©Bhou@@ 0xpmrlm®n%s with nlxtures of saad aM so®# 
of th© alays after addltloa of varioiis amounts of phosphate 
showed that little of th« phosplmt© h®ld by heiitonlte or hy 
kaollnit© flaer thaa diameter was fixed ia a form 
unaTStllahl® to 'tomatoeg, fh® aesll olay eiaples fix®d a 
'118' 
©oaaiderabl® aiio'mli aad %tk® finely grownd imollnite fixed 
m.QB% Qt tM#/'added ptmaptm%m., as iatiemtsd hf Um growth of 
to«t0#s. • fke faet timt gr®w poorer on tJs® G#@:il 
©lay treated t© remoT© £m& ires oxid®s tjten on th© oorrespoM-
lug ontraated sanpl# was takeii as an iadisation t&at the ft»@® 
axid@® fixed th© phosplmte first aad b®M it in a form more 
available tfesaa t&e ptoiospbat® wiiisli Imd soRtaated only tli« 
Isttoliiiitie portioa Qt tfe# elay« 
As a result of tli® ©x,perim®»t8 witli teaoliait© and tho 
G«@ll elay* it was sonaladed tlist mader tAm proper ©oMitioas 
thm k&olinitio portion of til© Oesil clay mn retaia extremely 
large amount® of pbosphat© by hydroxy1 replaaeaent, but that 
e-offitoiaation witfe to© fre« oxid#s i» of mmh greater importaaes® 
in d©t®rainii^ the 0<jnG®atrati©a of pliosphat® in th@ soil 
solutiam. 
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